ASSESSING VULNERABILITY AND RESILIENCE
OF MAJOR VEGETATION TYPES OF THE
WESTERN INTERIOR U.S.

SHRUBLANDS & GRASSLANDS

FINAL REPORT




ACKNOWLEDGEMENTS

We wish to acknowledge the support of U.S. Department of Interior agencies,
primarily the Bureau of Land Management, who have provided resources for this
research. Numerous experts have provided review and insights throughout the design
of this method and its implementation. Several NatureServe staff contributed their
expertise to this study. Geoff Hammerson conducted climate change vulnerability
assessments for animal species involved in this research. Patrick McIntyre provided
technical review of the methods section and wrote some of the interpretations of
results. Mary Harkness, Kristin Snow and Mary Russo provided essential support for
database design and management, and assembly of this report. Regan Smyth provided
valuable insights on spatial data management and visualization, as did Lindsay Irving
of Lichen Projects.

SUBMITTED TO

Department of the Interior

Bureau of Land Management

SUBMITTED BY

NatureServe

4600 North Fairfax Dr., 7th Floor

Arlington, VA 22203

COVER PHOTO

Granite Peak, Mineral Mountains, Utah, by Patrick Alexander / Flickr. Used under
Creative Commons license CC-BY-NC-ND 2.0. http://flic.kr/p/aEz]fh

TITLE PHOTO

Autumn landscape, Lamoille Canyon, Humboldt-Toiyabe National Forest, Nevada.
USDA Photo by Susan Elliot. Used under Creative Commons license CC BY 2.o0.
http://flic.kr/p/ax64DY

ii|Page



ASSESSING VULNERABILITY
AND RESILIENCE OF MAJOR
VEGETATION TYPES - Shrublands and

Grasslands

CO-PRINCIPAL INVESTIGATORS
Patrick Comer & Healy Hamilton, PhD

SUGGESTED CITATION

Comer, P., M. Reid, K. Schulz, J. Hak, S. Auer, M. Kling, and H. Hamilton. 2018.
Assessing Vulnerability and Resilience of Major Vegetation Types

of the Western Interior U.S.- Shrublands and Grasslands

Prepared for the U.S. Department of the Interior, Bureau of Land Management.
NatureServe, Arlington, VA. 329 pp.

iii [Page



THIS PAGE LEFT INTENTIONALLY BLANK

iv|Page



Table of Contents

TABLE OF TABLES.....uuiiiitiinttienntinnneicnniecistessssncsssstesssstessssssssssssssssssssssssssssssssssssssssssssss 3
TABLE OF FIGURES. ......cuuiiiiinttiinteecsnnicssnninsntisssncssssesssssesssssessssesssssesssssssssssssssssssssssssssss 6
TECHNICAL REPORT CONTENTS 8
NATURESERVE HABITAT CLIMATE CHANGE VULNERABILITY ASSESSMENT
METHODS.....ovvvrcuenrnercannnne 10
ODbjectives .....ceeereercscuercscnrecnns .10
Conceptual MOUEIS ....cccovvueriicsisnricssssnnricsssssnnscsssssssosssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssss 11
The HCCVI FrameworK .....iiiineineinsennnninniinssiisninseisessissesssisssssseessssssssssssssssssses 14
Scoring Relative Vulnerability 16
Spatial and Temporal Dimensions for Documenting Vulnerability ... 16
Spatial Analysis and Reporting 17
Datasets Used .......ceeevuueeeeccnnnencenee 20
Climate Exposure 20
Report Content for each Ecological System Type 25
Conceptual Models 25
Climate Change Vulnerability as of 2014 26
Considerations for Climate Change Adaptation 26
Citations.....coceeecceercscneccsnnnens w29

CONCEPTUAL MODELS AND ECOSYSTEM VULNERABILITY ASSESSMENTS...32

2.B.2.Nb. Central North American Grassland & Shrubland.............ccocceecevericiverccsrercccanenes 33
MO051. Great Plains Mixedgrass & Fescue Prairie 33
CES303.674 Northwestern Great Plains Mixedgrass Prairi€.........cocooceeveneriieniniineninencncceseeenne 33
CES303.662 Northwestern Great Plains Shrubland..............ccocooiiiiiiiiiiiiiicceecece e 44
MO052. Great Plains Sand Grassland & Shrubland 52
CES303.670 Western Great Plains Sand Prairi€..........cccececveieiiieiiiecciieeeieeeiee et 52
MO053. Western Great Plains Shortgrass Prairie 62
CES303.672 Western Great Plains Shortgrass Prairie ..........ccoovevereiieseneeereeeeseeee e 62

2.B.2.Nf. Western North American Grassland & Shrubland............ccoveeccrerccsrerccssaressanenes 74
M048. Central Rocky Mountain Montane-Foothill Grassland & Shrubland 74
CES306.040 Northern Rocky Mountain Lower Montane, Foothill and Valley Grassland................... 74
M168. Rocky Mountain-Vancouverian Subalpine-High Montane Mesic Meadow ........ccceeeresnnnes 83
CES306.824 Southern Rocky Mountain Montane-Subalpine Grassland...........c.ccocceveevenicniinineennne. 83
M049. Southern Rocky Mountain Montane Shrubland 91
CES306.818 Rocky Mountain Gambel Oak-Mixed Montane Shrubland.............ccccoveeveniniinincennne 91
CES306.822 Rocky Mountain Lower Montane-Foothill Shrubland..............c.ccccoeviiviiiiinciiiiicrieienn, 99



2.C.5.Nd. North American Western Interior Brackish Marsh, Playa & Shrubland....... 108

M082. Warm & Cool Desert Alkali-Saline Marsh, Playa & Shrubland 108
CES304.780 Inter-Mountain Basins Greasewood Flat ..........cccccoeevieciieiiiinieniniiecieeeeeesee e 108
3.A.2.Na. North American Warm Desert Scrub & Grassland............cceecuveevcercrscerccssnrcsnns 119
M086. Chihuahuan Desert Scrub 119
CES302.731 Chihuahuan Creosotebush Desert Scrub...........ccoooeriiiiiiiiiiiieieeeeeeee e 119
CES302.734 Chihuahuan Mixed Desert and Thornscrub ............ccccoecieiiiiiiniiniiiieeeeeeeee e 129
M087. Chihuahuan Semi-Desert Grassland 140
CES302.735 Apacherian-Chihuahuan Semi-Desert Grassland and Steppe........cccoecvevveveervenvennenne, 140
MO088. Mojave-Sonoran Semi-Desert Scrub 151
CES302.756 Sonora-Mojave Creosotebush-White Bursage Desert Scrub ..........cccceeeeevinieienenenene 151
CES302.761 Sonoran Paloverde-Mixed Cacti Desert SCrub .........ccccvevievieniincienieeeeeeseesre e 161
3.B.1.Ne. Western North American Cool Semi-Desert Scrub & Grassland. ............cc....... 171
M093. Great Basin Saltbush Scrub 171
CES304.783 Inter-Mountain Basins Mat Saltbush Shrubland.............cccccovvvvviiiiiiiiieiieieecre 171
CES304.784 Inter-Mountain Basins Mixed Salt Desert SCrub ..........ccocvevieriiriiiniieeeeeereesre e 180
M171. Great Basin-Intermountain Dry Shrubland & Grassland 191
CES304.763 Colorado Plateau Blackbrush-Mormon-tea Shrubland ............cccceeveeeiiivieneenienreenne, 191
CES304.787 Inter-Mountain Basins Semi-Desert Grassland.............cceccverieniiniiiniiiiieineenienieee 200
CES302.742 Mojave Mid-Elevation Mixed Desert SCrub.........c.cccveevievierierieniinieceese e 211
M170. Great Basin-Intermountain Dwarf Sagebrush Steppe & Shrubland 221
CES304.762 Colorado Plateau Mixed Low Sagebrush Shrubland .............ccccceevevirviievieinieniienieenne, 221
CES304.080 Columbia Plateau Low Sagebrush StEPPE ......cccvevvervierieriiieeriecee et 230
CES304.770 Columbia Plateau Scabland Shrubland ..............ccocoeiiiiiiiiiiiieeeeee e 239
CES304.794 Wyoming Basins Dwarf Sagebrush Shrubland and Steppe .........c.ccooveeviinienieninennne 247
M169. Great Basin-Intermountain Tall Sagebrush Steppe & Shrubland 255
CES304.083 Columbia Plateau Steppe and Grassland.............cccceeeveeevieviiinienienieeieee e 255
CES304.774 Great Basin Xeric Mixed Sagebrush Shrubland ..............cccovveviiiiiiiiiiieeicceecre e 264
CES304.777 Inter-Mountain Basins Big Sagebrush Shrubland...........c..cocooiniiiininiinnnnnnee 275
CES304.778 Inter-Mountain Basins Big Sagebrush Steppe .........cocevevirieniniinininiicneeeneneee 286
CES304.785 Inter-Mountain Basins Montane Sagebrush Steppe........ccccvevvevieriiiiiieivecneesieere e 299
Bibliography for Ecological Systems 310

2|Page



Table of Tables

Table 1. List of ecosystems selected for resilience and vulnerability assessments for BLM........c.cccccoceveniniiniinennenn 8
Table 2. Example of scoring for an ecological system with notes on how scores for individual metrics are combined
into a score for each factor and overall VUINErability.........cccccviviiiieriiriieii e seaeeeens 19
Table 3. Descriptions of the datasets used in this @SSESSMENL .........c.cecuirieiieriieriierie ettt ens 21
Table 4. Generalized climate change adaptation strategies relative to vulnerability SCOTES. .....c..coceverereeiiienieniennene 27
Table 5. Resilience, exposure and vulnerability scores for Northwestern Great Plains Mixedgrass Prairie by CEC
10701 (<3 4 (o KOOSR 40
Table 6. Climate change adaptation strategies relative to vulnerability scores for Northwestern Great Plains
IMIXEAGIASS PIAITIC .....eoutieiiieiieetiei ettt b ettt et e a e e h e bt et e et e emteeeeeeseesbeesbeenbeeneeenteeneeeseanneans 42
Table 7. Resilience, exposure and vulnerability scores for Northwestern Great Plains Shrubland by CEC ecoregion
..................................................................................................................................................................................... 49
Table 8. Climate change adaptation strategies relative to vulnerability scores for Northwestern Great Plains
SATUDIANG. ...ttt ettt ettt sttt et h et h et bt et ne e 51
Table 9. Resilience, exposure and vulnerability scores for Western Great Plains Sand Prairie by CEC ecoregion, for
€aCh MELTIC ANA FACLOT.....c.eitiiiiiiiiicic ettt ettt ettt st sa et et a et ete e e enesaeneen 58
Table 10. Climate change adaptation strategies relative to vulnerability scores for Western Great Plains Sand
PLAITIC. vttt ettt ettt ettt h et h e h e eh e a e bt h etk a e a e a et h ettt et et aenens 60
Table 11. Resilience, exposure and vulnerability scores for Western Great Plains Shortgrass Prairie by CEC
10701 (<3 4 (o s KOTSRS 70
Table 12. Climate change adaptation strategies relative to vulnerability scores for Western Great Plains Shortgrass
o328 (TSP UTSPUUUS 73
Table 13. Resilience, exposure and vulnerability scores for Northern Rocky Mountain Lower Montane, Foothill and
Valley Grassland by CEC ©COTE@ION .........ccuieuieierrierieeiieteetestestesseesseeseessesssesseesseessesssesssesssesssesseesseessesssesssessesssenns 80
Table 14. Climate change adaptation strategies relative to vulnerability scores for Northern Rocky Mountain Lower
Montane, Foothill and Valley GrassIand ............cccccevieriieiiiiiiiiieiierieie ettt sieesteesesaesaessaesseesseesseessesssessaensaens 82
Table 15. Resilience, exposure and vulnerability scores for Southern Rocky Mountain Montane-Subalpine
Grassland DY CEC ©COTCEION........ccuiervieiirierieritereeteeteetesttesseesseesseessesssesssessaesseesseasseesseassesssessesssenssesssesssessessseessennes 88
Table 16. Climate change adaptation strategies relative to vulnerability scores for Southern Rocky Mountain
Montane-Subalpine GrasSIANG...........cceeiiiiiiiiiiie ettt et e et et et e bt e teeteeseeeseessee st eneeeneeeneenseenneens 90
Table 17. Resilience, exposure and vulnerability scores for Rocky Mountain Gambel Oak-Mixed Montane
Shrubland DY CEC ©COTE@ION .....cc.eeueiieeeieetiete et et eteetteette st este e et aeeeseeeseen st enteenseensesseesseenseenseenseeneeaseenseenseensesnsesnees 96
Table 18. Climate change adaptation strategies relative to vulnerability scores for Rocky Mountain Gambel Oak-
Mixed Montane SHIubland ............cooooiiiii ettt ettt ettt e e et esre e bt enteenteeneenneenneens 98
Table 19. Resilience, exposure and vulnerability scores for Rocky Mountain Lower Montane-Foothill Shrubland by
CEC @COTEZION......eeutieeiieeiieeeteeeitteettesteeeteeseteessteeeateessseesateessseesntaessseeanseesssaesnseeenseesnseeenssesnsaeenseesnsesensseensneenssesnseenn 104
Table 20. Climate change adaptation strategies relative to vulnerability scores for Rocky Mountain Lower Montane-
FOOhIll SRIUDBIANA .....coeciiiiiciiiicirt ettt ettt ettt ettt ettt sa ettt a et etenaenees 106
Table 21. Resilience, exposure and vulnerability scores for Inter-Mountain Basins Greasewood Flat by CEC
o0 (<] ) s H OO PR PURRPRRP 114
Table 22. Climate change adaptation strategies relative to vulnerability scores for Inter-Mountain Basins

L€ 5 (T TeA o Yo B 2 - SRS 117
Table 23. Resilience, exposure and vulnerability scores for Chihuahuan Creosotebush Desert Scrub by CEC
ST701 (<3 4 (o s KU SRS 125
Table 24. Climate change adaptation strategies relative to vulnerability scores for Chihuahuan Creosotebush Desert
T3 13 o SR UTS S 127
Table 25. Resilience, exposure and vulnerability scores for Chihuahuan Mixed Desert and Thornscrub by CEC
ECOTEEION ..uveeueiieeureeiteeeteertteeeteeseteesseessseeasseeassaeanseeassaeasseeanseeanseeassaeanseesnseeanssesnseeanseesnsasanssesnseeenssesnsseessennsseenssennseen 136
Table 26. Climate change adaptation strategies relative to vulnerability scores for Chihuahuan Mixed Desert and
TROTIISCIUD ...ttt ettt s bt et et a e b s ae bt e a et e et saeebeeaeeuee s ennenenaeas 138
Table 27. Resilience, exposure and vulnerability scores for Apacherian-Chihuahuan Semi-Desert Grassland and
StEPPE DY CEC ECOTEEION ....uvvieuiiiiiieeiieeiie ettt esiteeetteesiteestteesiteessteesssaessseesssaeasseesssaeasseessseeassesssseensseesssesnsseesseensseesns 147
Table 28. Climate change adaptation strategies relative to vulnerability scores for Apacherian-Chihuahuan Semi-
Desert Grassland and STEPPE ........couevirireriiiiieire ettt ettt ettt ettt sttt ettt aenae e 150



Table 29. Resilience, exposure and vulnerability scores for Sonora-Mojave Creosotebush-White Bursage Desert

SCIUD DY CEC CCOTCZION ....eevveiieiieieeieeteeiteettesteeteesteestesesesseessaesseesseesseasseassesssesssensesssesssesssesssesseesseesesssenssenssensenns 157
Table 30. Climate change adaptation strategies relative to vulnerability scores for Sonora-Mojave Creosotebush-
White Bursage DESEIt SCIUD..........oouiiiiiiiii ettt ettt a e b et e e et e eete s aeesaeesbeenaeeneeenee 159
Table 31. Resilience, exposure and vulnerability scores for Sonoran Paloverde-Mixed Cacti Desert Scrub by CEC
10701 (<3 4 (o s KOOSR 167
Table 32. Climate change adaptation strategies relative to vulnerability scores for Sonoran Paloverde-Mixed Cacti
DIESEIT SCIUD ...ttt ettt et ettt et sb e ettt e et b s a e eb e bt e st et e it e benae e bt eaeeue e s et enenaeas 169
Table 33. Resilience, exposure and vulnerability scores for Inter-Mountain Basins Mat Saltbush Shrubland by CEC
CCOTCZION 1.eeveereteeteenteeteestesetesseesseanseesseasseassesssesssesseenseanseansessseassanssenssanseanseassesssesssenssenseenseanseassenssenssensennsennsenssesnnns 176
Table 34. Climate change adaptation strategies relative to vulnerability scores for Inter-Mountain Basins Mat
Saltbush SHIUDIANG ........co.oiiiiiiii ettt bbb st 178
Table 35. Resilience, exposure and vulnerability scores for Inter-Mountain Basins Mixed Salt Desert Scrub by CEC
CCOTCEZION .eueviereteeteesteeteestesstesseesseanseesseasseassesssenssesseenseenseansessseassenssenseanseanseassesssesssenssesseanseanseassenssenssensennsennsenssesnnns 187
Table 36. Climate change adaptation strategies relative to vulnerability scores for Inter-Mountain Basins Mixed Salt
DIESEIT SCIUD ...ttt ettt a et b e sb et et et b e s bt e bt ae et e st et e bena e e bt e ae bt e s et enenaea 189
Table 37. Resilience, exposure and vulnerability scores for Colorado Plateau Blackbrush-Mormon-tea Shrubland by
(O] 2 O Te03 (<7 4 () FO ST SS 197
Table 38. Climate change adaptation strategies relative to vulnerability scores for Colorado Plateau Blackbrush-
Mormon-tea SHITUDIANG ..........ooiiiiiiieee ettt ettt et ea e e ae e st e et e e bt et e eneeeseesneesneesneeneenes 199
Table 39. Resilience, exposure and vulnerability scores for Inter-Mountain Basins Semi-Desert Grassland by CEC
CCOTCEZION .veuevitretieteeteeteesteesteeseesseenseesseassaassesssesssesssesseesseassessseassenssesseanseesseassesssesssesseenseanseasseesseassenseensanssanssenssessnns 207
Table 40. Climate change adaptation strategies relative to vulnerability scores for Inter-Mountain Basins Semi-
DESEIt GIASSIATIA. ....c.ueueeiiiiniciiiteeeiert ettt ettt ettt st ettt e ettt a et et ettt na et et sa et et naeneen 209
Table 41. Resilience, exposure and vulnerability scores for Mojave Mid-Elevation Mixed Desert Scrub by CEC
ST0701 (<3 4 (o s KOOSR 217
Table 42. Climate change adaptation strategies relative to vulnerability scores for Mojave Mid-Elevation Mixed
DIESCIT SCIUD ...ttt ettt ettt ettt et e et e bt ea e ea e es e e seeess e e bt e bt em bt emteem e e eaeees e et e enteenseeneesmeesmeenneeseenneenes 219
Table 43. Resilience, exposure and vulnerability scores for Colorado Plateau Mixed Low Sagebrush Shrubland by
(O] 2 O Te03 <7 4 () FO SRS SR 227
Table 44. Climate change adaptation strategies relative to vulnerability scores for Colorado Plateau Mixed Low
Sagebrush SHIUDIAN. .......cc.iiiiiiiieecc ettt ete e te et e e b e esbeesbessaesseessaesseenseesseassesssenseens 229
Table 45. Resilience, exposure and vulnerability scores for Columbia Plateau Low Sagebrush Steppe by CEC
eTeT0) (<] ) s E OO PRP 236
Table 46. Climate change adaptation strategies relative to vulnerability scores for Columbia Plateau Low Sagebrush
170 o TR P SRR PP PR 238
Table 47. Resilience, exposure and vulnerability scores for Columbia Plateau Scabland Shrubland by CEC
ST701 (<3 4 (o s KO SRS 244
Table 48. Climate change adaptation strategies relative to vulnerability scores for Columbia Plateau Scabland

N 1110 ' T I SRS 246
Table 49. Resilience, exposure and vulnerability scores for Wyoming Basins Dwarf Sagebrush Shrubland and
NTEST o) TS o) A O B G <o) (7 1o o ST UTRSS 252
Table 50. Climate change adaptation strategies relative to vulnerability scores for Wyoming Basins Dwarf
Sagebrush Shrubland and STEPPE........eeoviiiiiiieiieieeeee ettt ettt ettt e te e te et e esbeesbesseesseessaesseessessseessensaeseens 254
Table 51. Resilience, exposure and vulnerability scores for Columbia Plateau Steppe and Grassland by CEC
o0 (<] () s E OO PR PPRRPRRP 261
Table 52. Climate change adaptation strategies relative to vulnerability scores for Columbia Plateau Steppe and
GIASSIANG ...ttt bbb e b a et a et s ae e a et na e ae e 263
Table 53. Resilience, exposure and vulnerability scores for Great Basin Xeric Mixed Sagebrush Shrubland by CEC
EOOTEZIONN ...ttt sttt et eut et et estesteebeebeeb e e st e st e e e b e e bt ebeeae e st eat et et e bt eh e eb e eb e eatem b et e na e e bt eb e ebeestemtenb ettt e nbeebeebeeneenne e enenee 271
Table 54. Climate change adaptation strategies relative to vulnerability scores for Great Basin Xeric Mixed
Sagebrush SHITUDIAN .........ccooiiiiiiii ettt bttt et ettt st b et ne e b e 273
Table 55. Resilience, exposure and vulnerability scores for Inter-Mountain Basins Big Sagebrush Shrubland by
CEC CCOTEZION. ...cuetiteeieeiteitetet ettt ettt ettt et b e e bt et et e st et b e s bt eh e bt e bt e et et et sa e e bt ebeeb e e st emtenbe st et e sbeebeebeeneennenaennenee 282



Table 56. Climate change adaptation strategies relative to vulnerability scores for Inter-Mountain Basins Big

Sagebrush SHIUDIAN ........ccviiiiiieiee ettt ettt e st e st e e e s s e enseesbessaesseessaenseenseenseansensaenseens 284
Table 57. Resilience, exposure and vulnerability scores for Inter-Mountain Basins Big Sagebrush Steppe by CEC
10701 (<3 4 (o KOO OSSPSR 294
Table 58. Climate change adaptation strategies relative to vulnerability scores for Inter-Mountain Basins Big
SAGEDIUSI STEPPE. ..ottt ettt b e b et e et et e a e ea e bt et e en b e embeestesaeeebeenbe e bt e bt enteeneeeneenteen 297
Table 59. Resilience, exposure and vulnerability scores for Inter-Mountain Basins Montane Sagebrush Steppe by

(O] 2L O Te03 <7 4 () HO OSSR 306
Table 60. Climate change adaptation strategies relative to vulnerability scores for Inter-Mountain Basins Montane

N Ted o AU T (R 1<) o o1 SRR PSP 308

5|Page



Table of Figures

Figure 1. Mapped distributions of 52 ecological systems in western North AMerica.........ccceveverererereenienenenenne. 12
Figure 2. Boundaries and names of the western Commission on Environmental Cooperation (CEC) ecoregions.....13
Figure 3. Schematic diagram of the analytical process for the Habitat Climate Change Vulnerability Index............. 15
Figure 4. Examples of HCCVI components reported within 100 Km? heXagons.............oooveveverririinerennererenensnnenens 17
Figure 5. Photo of Northwestern Great Plains MiXedgrass Prairi€ ..........ccoecuievieriieriieniesienie e sieseesie e eve e 33
Figure 6. Climate exposure as of 2014 (left) and overall sensitivity (right) for Northwestern Great Plains
IMIXEAGIASS PIAITIC .....eoueieiieeieetiei ettt ettt ettt et e s h e bt et e et e emteeeeeeseesaeesbee bt eneeenteeneeeseanseans 39
Figure 7. Photo of Northwestern Great Plains Shrubland..............coocooiiiiiiiiii e 44
Figure 8. Climate exposure as of 2014 (left) and overall sensitivity (right) for Northwestern Great Plains Shrubland
..................................................................................................................................................................................... 48
Figure 9. Photo of Western Great Plains Sand Prairie ..........ccooueiiiiiiiiiiiieeeeieiceeee ettt 53
Figure 10. Climate exposure as of 2014 (left) and overall sensitivity (right) for Western Great Plains Sand Prairie 57
Figure 11. Photo of Western Great Plains Shortgrass Prairi€ ...........cecveeuieiieierienienieeie et seaeneaens 62
Figure 12. Climate exposure as of 2014 (left) and overall sensitivity (right) for Western Great Plains Shortgrass
PLAITIE .ttt ettt h et e h ettt h etk a bt h e bt h e h e a e h e a e h e a ettt ettt nes 69
Figure 13. Photo of Northern Rocky Mountain Lower Montane, Foothill and Valley Grassland.............cc.ccccceeenee. 74
Figure 14. Climate exposure as of 2014 (left) and overall sensitivity (right) for Northern Rocky Mountain Lower
Montane, Foothill and Valley Grassland .............ccoooiieiioiiiiiiieeee ettt st see et e sneenaeens 79
Figure 15. Photo of Southern Rocky Mountain Montane-Subalpine Grassland.............cccoocevoeiiiniinieiiieiieieeeneens 83
Figure 16. Climate exposure as of 2014 (left) and overall sensitivity (right) for Southern Rocky Mountain Montane-
SUDAIPINEG GIASSIANA .......eoeiiiieiiee ettt ettt et e et e e e es e e saeesse e st e et eneeeneeeseeese e beenseenseeneas 87
Figure 17. Photo of Rocky Mountain Gambel Oak-Mixed Montane Shrubland ............cccoccoooiiiniiniiiiiiiieeeieee 91
Figure 18. Climate exposure as of 2014 (left) and overall sensitivity (right) for Rocky Mountain Gambel Oak-
Mixed Montane SHrubland ...........ccccooeiririiiiniiee ettt 95
Figure 19. Photo of Rocky Mountain Lower Montane-Foothill Shrubland..............cccoveeieeiiiiiiiienieiee e 99
Figure 20. Climate exposure as of 2014 (left) and overall sensitivity (right) for Rocky Mountain Lower Montane-
FOOthill SRIUDBIANA .....coeoiiiiiiiiiiiici ettt ettt ettt ettt sa et et sa e enenaeneen 103
Figure 21. Photo of Inter-Mountain Basins GreasewWood Flat ..........c.ccccoovieriiiiiiiiiiiiciecieeceee e 108
Figure 22. Climate exposure as of 2014 (left) and overall sensitivity (right) for Inter-Mountain Basins Greasewood
FLAL ettt ettt h et et s ket b ettt b ket b Rt b e h et e etk Ren e bt e st ket e sttt st et et ntenea 113
Figure 23. Photo of Chihuahuan Creosotebush Desert SCrub.........cccoiieiieiiiiiiieeeeeeeeeee e 119
Figure 24. Climate exposure as of 2014 (left) and overall sensitivity (right) for Chihuahuan Creosotebush Desert
T3 10 oSSR UTR RSP 124
Figure 25. Photo of Chihuahuan Mixed Desert and ThOrnsScrub ...........ccocoevieiiriiirierieeeeeeee e 129
Figure 26. Climate exposure as of 2014 (left) and overall sensitivity (right) for Chihuahuan Mixed Desert and
TROITISCIUD ...ttt ettt ettt ettt sa et b e et e bt et et st et et sa et et e et etenaeneen 135
Figure 27. Photo of Apacherian-Chihuahuan Semi-Desert Grassland and Steppe .........cccoevvevveeeieecieicievceeriesieenenn, 140
Figure 28. Climate exposure as of 2014 (left) and overall sensitivity (right) for Apacherian-Chihuahuan Semi-
Desert Grassland and STEPPE .....ccveviirieriieiiieie ettt ettt et e st e e e sbeesbeesbeesteessessaebeesbeesbeesaesraesaeesseeneenseenns 146
Figure 29. Photo of Sonora-Mojave Creosotebush-White Bursage Desert Scrub ..........ccooceeiiiiiniiiiiieieneee 151
Figure 30. Climate exposure as of 2014 (left) and overall sensitivity (right) for Sonora-Mojave Creosotebush-White
BUISage DESEIT SCIUD ....cueiiiiiiieieet ettt ettt st et e et ettt e e st e ene e e st e st enseenseenseeneesneesneenaeenneenes 156
Figure 31. Photo of Sonoran Paloverde-Mixed Cacti Desert SCrub ..........cccoevieiiiiiiiieniereeeeeee e 161
Figure 32. Climate exposure as of 2014 (left) and overall sensitivity (right) for Sonoran Paloverde-Mixed Cacti
DIESCIT SCIUD ...ttt ettt ettt ettt et e et e e st et e en e enteestesseesseeseenseenseanseenseeseeseanseenseenseensesnnesneenseenseensennns 166
Figure 33. Photo of Inter-Mountain Basins Mat Saltbush Shrubland .............cccccevviiniiiniiienii e, 171
Figure 34. Climate exposure as of 2014 (left) and overall sensitivity (right) for Inter-Mountain Basins Mat Saltbush
SRIUDIANG. ...ttt sttt sttt e e h e e e 175
Figure 35. Photo of Inter-Mountain Basins Mixed Salt Desert SCTub ..........cccoecveeriieriiieniierieerreeeie e 180
Figure 36. Climate exposure as of 2014 (left) and overall sensitivity (right) for Inter-Mountain Basins Mixed Salt
DIESEIT SCIUD ...ttt s b et et a b s a e e b e bttt et et saeebeeae et an e eaenaea 186
Figure 37. Photo of Colorado Plateau Blackbrush-Mormon-tea Shrubland ...........c..cocceceevieiiinininininininiencnenns 191



Figure 38. Climate exposure as of 2014 (left) and overall sensitivity (right) for Colorado Plateau Blackbrush-

Mormon-tea SHIUBIANA..........c.cocooiiiiiiiiicc ettt sttt 196
Figure 39. Photo of Inter-Mountain Basins Semi-Desert Grassland.............cccccoociiiiiiiniiiniiiinieeee e 200
Figure 40. Climate exposure as of 2014 (left) and overall sensitivity (right) for Inter-Mountain Basins Semi-Desert
GIASSIANG ...ttt ettt bbbttt b e e h e a ettt ettt b e na e eh et aeae e 206
Figure 41. Photo of Mojave Mid-Elevation Mixed Desert SCIub ..........ccocieriiiiiiiiienieiesieeeee e 211
Figure 42. Climate exposure as of 2014 (left) and overall sensitivity (right) for Mojave Mid-Elevation Mixed Desert
SCIUD ...ttt ettt a e e b bt e ae et h e bt a et a b na e bt a e a et et b e sa ettt e e b e 216
Figure 43. Photo of Colorado Plateau Mixed Low Sagebrush Shrubland .............cccoevvevieniriinnineiieceeeeee e 221
Figure 44. Climate exposure as of 2014 (left) and overall sensitivity (right) for Colorado Plateau Mixed Low
Sagebrush SHIUDIAN .......cccviiiiiieiee ettt et se et e e e e s b e esbeesbessaesseessaenseenseenseassensaenseens 226
Figure 45. Photo of Columbia Plateau Low Sagebrush Steppe .......ccevvverieriieiiieiicieeieeeeee e 230
Figure 46. Climate exposure as of 2014 (left) and overall sensitivity (right) for Columbia Plateau Low Sagebrush

N1 1570) oSO P TP ROPPTOPRPRRTR 235
Figure 47. Photo of Columbia Plateau Scabland Shrubland ..............coocoiiiiiiiiiiii e 239
Figure 48. Climate exposure as of 2014 (left) and overall sensitivity (right) for Columbia Plateau Scabland

N 11 o] ' T SR UTRRSPIN 243
Figure 49. Photo of Wyoming Basins Dwarf Sagebrush Shrubland and Steppe ..........ccccceveeiiiiiniiiiiieeeee 247
Figure 50. Climate exposure as of 2014 (left) and overall sensitivity (right) for Wyoming Basins Dwarf Sagebrush
Shrubland ANd STEPPE -.....eeueeeeieetieeiiee ettt e sttt et e e et e s et e st e et ekt et e e te e s teenteeneenre e bt eteenteenteeneenneen 251
Figure 51. Photo of Columbia Plateau Steppe and Grassland.............ccccovveriiiriieiieiinieeieeee e e 255
Figure 52. Climate exposure as of 2014 (left) and overall sensitivity (right) for Columbia Plateau Steppe and
GIASSIATIA ..ottt ettt h et h et h et h et h et e h et a e bbb 260
Figure 53. Photo of Great Basin Xeric Mixed Sagebrush Shrubland .............cccoocvveiiiiiniinieiicece e 264
Figure 54. Climate exposure as of 2014 (left) and overall sensitivity (right) for Great Basin Xeric Mixed Sagebrush
N 11 o] ' T SR UTRRSPIN 270
Figure 55. Photo of Inter-Mountain Basins Big Sagebrush Shrubland..............c.ccoooiiiiiiiiiiiii e 275
Figure 56. Climate exposure as of 2014 (left) and overall sensitivity (right) for Inter-Mountain Basins Big
Sagebrush SHIUDIAN ........c.ooiii ettt et e et e et e e e s te s st e saeeseee bt eteeneeeneeeneenneens 281
Figure 57. Photo of Inter-Mountain Basins Big Sagebrush Steppe ........ccceiieiieiiiiieceeeeee e 286
Figure 58. Climate exposure as of 2014 (left) and overall sensitivity (right) for Inter-Mountain Basins Big
SAZEDIUSI STEPPE. .. e evvieitieeiiiieee ettt ettt ettt e et e et e e et e s teeste e seesbeesseesaeessassesssensaesbeessesseesaeesaesseenseenseenseessenseens 293
Figure 59. Photo of Inter-Mountain Basins Montane Sagebrush Steppe .........ccecvveiieiirienieiieieeecee e 299
Figure 60. Climate exposure as of 2014 (left) and overall sensitivity (right) for Inter-Mountain Basins Montane
SAZEDIUSI STEPPE. .. e evtieiiieiiieiieee ettt ettt ettt et e e e b e e et e s teeste e seesbeesbeesaeess e ssesseesseesbeessesseesaeesaenseenseenseensensaenteans 305

7|Page



Technical Report Contents

This report contains the conceptual models and resilience and vulnerability assessment results for a
selection of shrubland and grassland ecological system types evaluated with support from the Bureau of
Land Management (BLM). Fifty-two ecological systems (hereafter may be called systems, ecosystems, or
types) that are of major importance to BLM were selected for the assessment. Sagebrush, pinyon-juniper
woodlands, warm desert scrub, montane woodlands and shrublands, and grasslands types were included
(Table 1). Twenty-eight shrubland and grassland ecosystem types are included in this report.

The technical report is organized to include a summary of the assessment methods, descriptions of the
ecological systems included in the report, and assessment results for each system.

The methods for the assessment and the organization of the report content for each system are provided
below.

Table 1. List of ecosystems selected for resilience and vulnerability assessments for BLM. Not all are
contained in this report, those included in this report are bolded. The table is organized by groups of
types, and within those, from types with the largest mapped potential/historic distribution (square miles)
to the least; the distribution in either Canada or Mexico is included in the totals. The percent of the type’s
distribution in the U.S. that is on BLM lands is also provided.

% of
U.S.

Total mi? Total mi? range

(mapped (mapped on
potential current BLM
System Name distribution) distribution) lands

Sagebrush Shrublands and Steppe
Inter-Mountain Basins Big Sagebrush Shrubland 109,050 64,742 59.6%
Inter-Mountain Basins Big Sagebrush Steppe 70,315 72,095 35.7%
Inter-Mountain Basins Montane Sagebrush Steppe 32,319 37,871 28.8%
Great Basin Xeric Mixed Sagebrush Shrubland 23,987 14,324 76.8%
Columbia Plateau Steppe and Grassland 9,233 4,843 25.2%
Columbia Plateau Low Sagebrush Steppe 8,248 5,900 64.1%
Colorado Plateau Mixed Low Sagebrush Shrubland 1,641 948 38.9%
Columbia Plateau Scabland Shrubland 1,458 1,636 16.6%
Wyoming Basins Dwarf Sagebrush Shrubland and Steppe 427 4,164 45.2%
Cool Semi-desert & Temperate Shrublands
Rocky Mountain Gambel Oak-Mixed Montane Shrubland 7,582 7,350 14.6%
Northwestern Great Plains Shrubland 3,778 1,647 3.8%
Colorado Plateau Blackbrush-Mormon-tea Shrubland 3,230 4,987 42.4%
Rocky Mountain Lower Montane-Foothill Shrubland 3,097 1,290 27.4%
Mixed Salt Desert Scrub & Greasewood

Inter-Mountain Basins Mixed Salt Desert Scrub 36,943 34,847 64.5%
Inter-Mountain Basins Greasewood Flat 22,498 11,932 45.9%
Inter-Mountain Basins Mat Saltbush Shrubland 4,122 5,029 62.8%

Warm Desert Scrub
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% of

U.S.
Total mi? Total mi? range
(mapped (mapped on
potential current BLM
System Name distribution) distribution) lands
Sonoran Paloverde-Mixed Cacti Desert Scrub 50,774 37,033 35.6%
Chihuahuan Creosotebush Desert Scrub 35,704 44,764 20.3%
Sonora-Mojave Creosotebush-White Bursage Desert Scrub 35,407 39,745 41.2%
Mojave Mid-Elevation Mixed Desert Scrub 21,146 20,431 46.9%
Chihuahuan Mixed Desert and Thornscrub 8,136 19,330 23.1%
Grasslands
Northwestern Great Plains Mixedgrass Prairie 239,715 100,758 4.1%
Western Great Plains Shortgrass Prairie 99,949 57,389 1.4%
Apacherian-Chihuahuan Semi-Desert Grassland and Steppe 96,269 67,129 15.3%
Western Great Plains Sand Prairie 41,431 35,467 0.1%
Inter-Mountain Basins Semi-Desert Grassland 8,700 13,106 18.7%
Northern Rocky Mountain Lower Montane-Foothill-Valley
Grassland 7,462 11,879 4.0%
Southern Rocky Mountain Montane-Subalpine Grassland 1,179 4,231 7.4%
Cool Temperate Subalpine Woodlands
Northern Rocky Mountain Subalpine Woodland and Parkland 24,960 16,415 1.0%
Rocky Mountain Lodgepole Pine Forest 6,204 17,952 4.0%

Aspen & Mountain Mahogany Forests and Woodlands
Inter-Mountain Basins Aspen-Mixed Conifer Forest and

Woodland 10,783 2,175 6.0%
Rocky Mountain Aspen Forest and Woodland 9,306 11,499 7.8%
Inter-Mountain Basins Curl-leaf Mountain-mahogany Woodland

and Shrubland 2,796 2,457 30.4%

Montane Conifer Forests and Woodlands
Northern Rocky Mountain Dry-Mesic Montane Mixed Conifer

Forest 49,822 44,297 1.8%
%iod;)d(ileaﬁgcky Mountain Montane Douglas-fir Forest and 0.878 6.600 7 50,
Eg?élstegifs;ggdﬁzgntain Dry-Mesic Montane Mixed Conifer 5.958 3,008 050
Egr;ilfi;\%:ggdﬁﬁgntam Mesic Montane Mixed Conifer 3,460 11,426 10.7%

Ponderosa Pine Woodlands and Savannas
Northern Rocky Mountain Ponderosa Pine Woodland and

Savanna 18,995 11,836 3.4%
Southern Rocky Mountain Ponderosa Pine Woodland 14,947 18,770 3.0%
Northwestern Great Plains-Black Hills Ponderosa Pine 7.024 0.027 -

Woodland and Savanna
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% of

U.S.
Total mi> Total mi> range
(mapped (mapped on

potential current BLM

System Name distribution) distribution) lands

California Montane Jeffrey Pine-(Ponderosa Pine) Woodland 5,121 3,964 4.1%
Southern Rocky Mountain Ponderosa Pine Savanna 4,978 677 8.9%
East Cascades Oak-Ponderosa Pine Forest and Woodland 181 581 4.7%

Pinyon-Juniper Woodlands

Madrean Pinyon-Juniper Woodland 17,323 17,904 5.9%
Colorado Plateau Pinyon-Juniper Woodland 15,405 36,021 30.2%
Great Basin Pinyon-Juniper Woodland 8,612 20,360 61.8%
Southern Rocky Mountain Pinyon-Juniper Woodland 4,041 6,158 13.9%
Southern Rocky Mountain Juniper Woodland and Savanna 4,009 4,482 5.7%
Columbia Plateau Western Juniper Woodland and Savanna 3,005 6,077 33.1%
Inter-Mountain Basins Juniper Savanna 591 2,419 13.7%
Rocky Mountain Foothill Limber Pine-Juniper Woodland 514 2,308 34.7%
Colorado Plateau Pinyon-Juniper Shrubland 80 4,220 71.0%

NatureServe Habitat Climate Change Vulnerability
Assessment Methods

Objectives

The objectives of this project are to understand current trends in climate change across the western
conterminous United States, assess the potential impact of these changes on major vegetation types of
high importance to BLM management, and interpret these changes to assist BLM in determining climate
smart management strategies. This project is based in part on methods that have been developed in
response to BLM management needs during NatureServe’s work across the region, on Rapid Ecoregional
Assessments in the Great Basin, the Mojave Basin, and the Madrean ecoregions (e.g., Comer et al. 2013,
Crist et al. 2014), and on methods piloted with the U.S. Fish and Wildlife Service and the Desert
Landscape Conservation Cooperative (Comer et al. 2012).

NatureServe’s framework for measuring climate change vulnerability of habitats and ecosystems
(HCCVI) provides a practical approach to organize criteria and indicators for this purpose (Comer et al.
2012, Comer et al. in review). The methods developed for the HCCVI are applicable to any given
ecosystem or community type that the user might select; wildlife habitat can also be assessed with this
framework. For this assessment, NatureServe’s terrestrial ecological systems classification (Comer et al.
2003) is used to define types being assessed. The advantage of using this classification system for this
approach is that it represents an established nationwide classification of several hundred upland and
wetland types mapped for use by federal and state resource managers (Comer and Schulz 2007, Rollins
2009) in the USA and adjacent Canada and Mexico (Comer et al. in prep). The expected historical
extents, or “potential” distribution of each type are used, mapped at 90m pixel resolution, or upscaled to
800m pixel resolution, depending on the specific analysis.
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Conceptual Models

An important part of this study includes the review of scientific literature pertinent to each of the selected
ecological systems. A “conceptual model” (Gross 2005) sets the stage for understanding the system’s
ecological composition, structure, natural dynamic processes, and interactions with major threats and
stressors that may have altered the natural characteristics of the system (e.g. invasive plants changing both
floristic composition and fire regimes). These models assist with organizing information and stating key
assumptions about environmental controls and dynamics, based on current knowledge for each type.

For each of the ecological systems in this study an extensive conceptual model is provided, including the
literature reviewed and used to develop the information in the model. In turn these models provide the
ecological underpinnings for the spatial application of the HCCVL.

The selected types for this study are listed in Table 1. As can be seen in Figure 1, these ecosystems occur
across extensive areas of the interior western U.S., south into large portions of Mexico, and north into
Canada.
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Figure 1. Mapped distributions of 52 ecological systems in western North America, with boundaries of
the CEC ecoregions used for reporting on vulnerability (twenty-eight shrubland and grassland ecosystem
types are included in this report).
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Figure 2. Boundaries and names of the western Commission on Environmental Cooperation (CEC)
ecoregions.

13|Page

C




The HCCVI Framework

The HCCVI framework used in this study to document climate change vulnerability combines a series of
sub-analyses into a coherent structure that sheds light on distinct components of vulnerability, so that each
can be evaluated individually, or in combination. This approach follows a number of related indexing
approaches to documenting at-risk status of biodiversity (Faber-Langendoen et al. 2009), or climate
change vulnerability for species (Young et al. 2010). As the societal response to climate change involves
much new science and many recently introduced terms, it is important to clearly define what is meant by
vulnerability and how vulnerability and its components are assessed. First, the notion of vulnerability to
climate change has been succinctly defined by the Intergovernmental Panel on Climate Change (IPCC
2014) as:

“Climate Change Vulnerability - The degree to which a system is susceptible to - and unable
to cope with - adverse effects of climate change; including climate variability and extremes.
Vulnerability is a function of the character, magnitude, and rate of climate change and variation
to which a system is exposed, its sensitivity, and its adaptive capacity).”

This overall definition points to several contributing components of climate change vulnerability
commonly used in current science. These include concepts of 1) Climate-Change Exposure, and the 2)
Resilience of a system, which can be broken down into A) Sensitivity and B) Adaptive capacity. The
HCCVI framework organizes the components of climate change vulnerability into these categories
(Figure 3), which are defined and explained below.

In this study, VULNERABILITY is defined as the risk of a place to loss of species and ecosystem
processes due to climate and non-climate factors. The two components of vulnerability are integrated,
EXPOSURE and RESILIENCE, to arrive at a single vulnerability score. Areas most at risk are those that
are likely to experience severe changes in temperature and precipitation (i.e., high exposure) but have
little capacity to adapt (i.e., low resilience).

Exposure refers to the rate, magnitude, and nature of change a system is experiencing or is forecasted to
experience. Exposure encompasses the current and projected changes in climate for an ecosystem (such as
changes in temperature and precipitation) and predicted effects on ecosystem-specific processes. Analyses
of exposure consider climate change projections themselves, and if possible, their resulting effects that
cause increasing ecosystem stress, changing of processes such as wildfire or hydrological regime, and
changing species composition.

Resilience encompasses factors that could either impede or support responses to stress induced by climate
change in terms of natural ecological processes and species composition. It includes predisposing
conditions affecting ecosystem resilience (Holling 1973, Gunderson 2000). Walker et al. (2004) defined
resilience as “the capacity of a system to absorb disturbance and reorganize while undergoing change so
as to still retain essentially the same function, structure, identity, and feedbacks.”

e Sensitivity in the HCCVI framework focuses on human alterations to characteristic patterns and
process, such as landscape fragmentation, effects of invasive species, or human alterations to
other dynamic processes. These alterations are considered independent of climate change, but
once identified, have some potential interactions with forecasted climate change. These analyses
also include a temporal dimension, considering both legacies of past land use along with current
conditions.

e Adaptive Capacity includes natural characteristics that affect the potential for an ecological
system to cope with climate change. Analyses of adaptive capacity consider the natural variability
in climate that a system experiences across its distribution, as well as geophysical features that
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characterize a given ecosystem or community. They also consider aspects of natural species
composition, such as the relative vulnerabilities to climate change of individual species that
provide “keystone” functions, and relative diversity of species involved in providing important
functions and processes.

Climate exposure and resilience are each independently assessed and then combined to arrive at an
overall gauge of climate change vulnerability (Figure 3). For applications of the HCCVI, climate change
exposure may reflect changes in climate that have already occurred (as compared against a 20th century
baseline), or reflect projections of future climate change over upcoming decades (e.g., 2010-2040, 2040-
2070). For climate exposure, this project used 1948-1980 as a baseline and compared the 1981-2014
time frame to the baseline, hence measuring climate change vulnerability over the past 30 years.

Figure 3. Schematic diagram of the analytical process for the Habitat Climate Change Vulnerability
Index. In the matrix for obtaining the final vulnerability index (lower right), low resilience and high
exposure result in Very High climate change vulnerability. High or moderate resilience and low exposure
result in Low climate change vulnerability.
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SCORING RELATIVE VULNERABILITY

Measures for exposure and resilience may be addressed in variety of ways, as appropriate for the given
natural community, and using available data. The index aims to use component analyses to consistently
arrive at a 4-level series of scores: Very High, High, Moderate, and Low (Figure 3).

Very High climate change vulnerability results from combining high exposure with low resilience.
These are circumstances where climate change stress and its effects are expected to be most severe, and
relative resilience is lowest. Ecosystem transformation is most likely to occur in these circumstances.

High climate change vulnerability results from combining either high or moderate exposure with low or
moderate resilience. Under either combination, climate change stress would be anticipated to have
considerable impact.

Moderate climate change vulnerability results from a variety of combinations for exposure and
resilience; initially with circumstances where both are scored as moderate. However, this also results
where resilience is scored high, if combined with either high or moderate exposure. Where both resilience
and exposure are low, some degree of climate change vulnerability remains.

Low climate change vulnerability results from combining low exposure with high resilience. These are
circumstances where climate change stress and its effects are expected to be least severe or absent, and
relative resilience is highest.

Spatial and Temporal Dimensions for Documenting Vulnerability

Climate change vulnerability for ecosystems and habitats needs to be placed within explicit spatial and
temporal bounds. For this study, the component measurements are summarized by 100 km? hexagons
(Figure 4) for the distribution of each community type, and results are then further summarized within
Level Il ecoregions (Commission on Environmental Cooperation (CEC) 1997, Wiken et al. 2011, EPA
2013). These ecoregions (Error! Reference source not found.) provide an appropriate and consistent s
patial structure to systematically document climate change vulnerability at national or regional scales.
When these ecoregions are discussed or listed in this report, they are called CEC ecoregions.

Another scale of spatial reporting used is that of 100 km? hexagons (Figure 4); see further explanation of
this below in Spatial Analysis and Reporting. These provide a more spatially nuanced view of the
results and are the scale at which the spatial datasets are provided.

Similarly, the temporal dimension of climate change vulnerability must be explicitly considered, as the
magnitude of climate exposure varies over time. For this effort, the climate exposure estimates are based
on already observed climate data, and therefore, the timeframe for gauging vulnerability is said to be
“current” or the date when climate data were last derived (in this study, 2014). Climate projections over
the upcoming 50-year timeframe (e.g., between 2020 and 2070) were addressed separately from this
study.

16 |[Page


http://www.cec.org/tools-and-resources/map-files/terrestrial-ecoregions-level-iii

Figure 4. Examples of HCCVI components reported within 100 km? hexagons. In all of the maps, the
color ramp is the same, with the dark purple representing the least vulnerability or exposure, best
ecological condition, or least fragmentation or departure. The greens to yellows represent increasing
vulnerability, exposure, or worse ecological condition.

Spatial Analysis and Reporting

A number of quantitative spatial models are used in this assessment, with spatial resolutions of either 90m
or 800m. Each model must be comprehensive, i.e. the spatial surface covers all of the study area, which
includes the extent of distribution of all ecosystems included in the study - generally the central Great
Plains, west to the Pacific coast, south into central Mexico and north into southern Alberta and British
Columbia (Figure 1). For use in the vulnerability index, each spatial dataset is scaled to have values
between 0 and 1, so that averaging can be used to combine scores of 2 or more datasets (see Table 2).
Provided below (Table 3) are brief descriptions and citations for these datasets; see Comer at al. in review
for more details on the data and analytical procedures. Because the climate data and analyses are
fundamental to this assessment, they are described in more detail; see section Climate Exposure.

Each ecological system in this assessment is numerically scored in the spatial analysis for a series of
individual metrics and factors (Table 2). Numerical scores are normalized to a 0.0 to 1.0 scale, with 0.0
indicating ecologically “least favorable” conditions, and 1.0 indicating “most favorable” conditions. As
described below, this allows results to be averaged across different components, producing a single
summary vulnerability score ranging from 1.0 (least vulnerable) to 0.0 (most vulnerable). Overall
vulnerability results from averaging Exposure and Resilience. In turn Resilience scores reflect the
summary of sub-scores for ecological sensitivity and adaptive capacity.

The spatial analysis is conducted on individual locations of the ecological system’s mapped potential (i.e.
historic) distribution, at a spatial resolution of 90m. In effect, each pixel of the system’s distribution is
scored, with a number from 0 to 1, for each of the metrics. The scores for these pixels are then combined,
in a weighted averaging method, within 100 km? hexagons (see examples in Figure 4). With the
exception of the diversity within functional species groups, all of the metric scores result from a spatial,
quantitative analysis. The score for functional species groups is applied to all o