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EXECUTIVE SUMMARY

Sixteen of 29 natural vegetation community types in California are highly or nearly highly vulnerable to four alternate
projected climates by the end of this century. The remaining 13 natural community types have moderate vulnerability.
Vulnerability was determined by using a detailed 2015 map of the spatial patterns of California’s vegetation community
types, and examining how climate conditions will change at those locations. This study also identified biological traits of
the dominant plant species that make up the vegetation community types, and found that different types have different
levels of sensitivity and adaptive capacity to changing climate. Yet, even the more robust and widespread community
types, like California’s Foothill and Valley Forests and Woodlands, or Chaparral are moderately vulnerable, with impacts
to 28-53% and 12-47% of their current extent, respectively. The variation in the four alternate climate projections had a
much larger effect on vulnerability than the biological attributes.

Currently, California and the world are on an emissions trajectory that is closer to the higher level emission scenario used
in this study (RCP 8.5), than to the more optimistic scenario used in this report to bracket the results (RCP 4.5). The RCP
8.5 emissions track produces an average of 26% more climate exposure to terrestrial vegetation of the state, and nearly
every vegetation type increases a full step in its vulnerability ranking over results from the RCP 4.5 scenario. The use of
the vegetation community map permits examination of the rates of transition from climatically suitable to climatically
stressed extents for each vegetation type. Of particular importance to resource managers, the predictions in this report can
be used to establish monitoring protocols to track the trajectory and rates of change for important biotic resources of the
state. Additionally, our use of trait-based sensitivity and adaptive capacity scores provides explicit assumptions about how
individual species may respond to climate change. As further information becomes available, these species-specific scores
can be adjusted, which may adjust the overall ranking of the vegetation communities they occupy. And, more detailed
climate vulnerability work on individual dominant plant species can be developed, to better predict how the species will
respond, and to seek adaptation strategies that California’s natural resource managers could potentially employ to lower
the predicted impacts.

Components of climate change that this study does not explicitly include, but which are currently affecting vegetation in
the state, include extreme events such as multi-year droughts or short-duration heavy precipitation events, and secondary
impacts such as large wildfires, insect outbreaks and invasive species incursions. These types of impacts will likely
interact with the stress or vulnerability of vegetation communities, to compound the effects of climate change. For
example, fire may remove a dominant vegetation type from a site and the site may then regenerate to another type of
vegetation, because the establishment conditions have changed. The results presented in this report should therefore be
treated as conservative estimates of potential future impacts. Finally, the vulnerability scores are best used in concert, to
compare relative vulnerability among different vegetation types. For impacts to individual types, review of the
components that make up the vulnerability score will be more useful.
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OVERVIEW

This report presents the results of a climate vulnerability analysis® of the terrestrial vegetation of California. The
assessment is based on two global climate models® (GCMs) and two emission scenarios that were selected from among 12
considered to represent a range of future conditions for California by the end of the 21st century. The GCMs, CNRM
CMS5 and Miroc ESM, and emission scenarios used, RCP4.5 and RCP 8.5, represent a range of warming statewide from
1.99 to 4.56°C and between a 24.8% decrease in precipitation and a 22.9% increase, respectively. A 2015 map of the
state’s natural vegetation compiled from multiple sources® was classified to the National Vegetation Classification
Standard’s mid-level classification, called “Macrogroup”. Thirty one natural vegetation macrogroups are identified in the
map, covering 99.87% of the state’s natural terrestrial vegetation, and occupying 353,271 km®.

Four analyses were conducted on 29 macrogroups and partial analyses were conducted on the additional two. All results
are presented in the main report. The first two analyses use biological traits of the dominant species comprising each
macrogroup to estimate the sensitivity to changes in climate, and possible adaptive capacity that the vegetation may
exhibit. The third analysis assesses the exposure to changing climate that each vegetation type is projected to experience
at the locations it currently occupies. The final analysis estimates the spatial disruption, or movement that will be required
to depart areas no longer climatically suitable or to establish in newly suitable areas. The scores were combined to provide
a vulnerability ranking that is cross-comparable among the terrestrial vegetation types.

When averaged across the four future climates representing conditions by 2100, no macrogroups have low levels of
vulnerability to climate change, 13 macrogroups were found to have moderate vulnerability, 12 have a mid-high level, and
four are highly vulnerable (Figure 1, Table 1). Additionally, several of the macrogroups are very close to be being scored
into higher vulnerability ranks. We found that while the vegetation types exhibit differing sensitivity and adaptive
capabilities, that variation in climate projections had a much larger effect on vulnerability ranking.

Twenty five of 29 vegetation types cross to a higher level of vulnerability under one or both of the more pronounced RCP
8.5 climate emission projections and three others are already at the highest level of vulnerability. These results (Figure 2,
Table 2) clearly show the desirability of attaining the lower emission scenario of RCP 4.5, over the higher emission
scenario RCP 8.5, which is the track that global emissions are more closely aligning with at the time of this report. Note
that the warm and wetter scenario CNRM CM RCP 8.5 produces more non-analog conditions than the drier Miroc ESM
RCP 8.5 because California currently does not have places with this extent of heat that also have higher levels of
precipitation (the black areas in Figure 3). While the higher level of precipitation could be cause for optimism regarding
vegetation conditions, concurrent higher temperatures are expected to require higher levels of plant respiration and
therefore water demand is expected increase more rapidly than reduction in water deficit due to the increased
precipitation.

Considered from a spatial perspective, the extent of macrogroups in the High vulnerability category by the end of the
century varies from 6458 km? to 45,094 km? depending on the GCM and emission scenario, while no more than 228 km?
remain in the low vulnerability category under any projection. The extent of macrogroups in the Mid-High vulnerability
class ranges from 82,168 to 206,357 km? and in the Moderate vulnerability class from 129,811 to 255,536 km?. Under the
higher end of this range (Miroc ESM RCP 8.5), up to 63% of current terrestrial vegetation would be in a Mid-High to
High vulnerability condition by end century (Table 3). Our method of calculating future vulnerability does not produce a
current condition vulnerability score. However, starting conditions for the climate exposure component class 80% of each

! http://www.ipcc.ch/publications_and_data/ar4/wg2/en/ch19s19-1-2.html
2 http://ipcc-data.org/guidelines/pages/gcm_guide.html
® http://frap.fire.ca.gov/data/frapgisdata-sw-fveg_download.php
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macrogroup’s current as climatically suitable. This corresponds to 282,617 km? of natural vegetation, almost all of which
does not have a future low vulnerability rank under the RCP 8.5 climate projections.*

The combining of trait-based scores with climate exposure and spatial disruption scores moderated the results that are
produced solely by climate exposure. However, the climate exposure analysis includes the most spatial detail, and
contains less assumptions than the sensitivity and adaptive capacity (S&A) and spatial disruption analyses. Climate
exposure across the four 2100 projections shows most of the Sierra Nevada, large parts of the interior deserts and steppe
and portions of the north coast ranges as having the most changing climate conditions (orange to black in Figure 3).

The use of a 2015 map portraying the current extent of vegetation permitted an assessment of climate exposure based on
known locations, rather than on potential locations. This simple approach leverages considerable field effort in ways that
species distribution models, which are commonly used as the climate impacts predictors in vulnerability assessments, do
not. The use of the vegetation map permits us to also examine the rates of transition from climatically suitable to
climatically stressed extents for each vegetation type. This is presented in tabular form for each macrogroup in the main
body of the report. However we can compile the types to examine these rates of transition (Figure 4). While climate
exposure is typically thought of as the areas that become unsuitable, we can also track the loss of climatically suitable
areas. Figure 4 illustrates how the majority of macrogroups transition from 80% climatically suitable and 5% marginal
extents in current time, to a mean of 33% in climatically suitable and 46% in highly exposed or marginal climates for the
four climate projections used. The range of future levels of exposure among macrogroups varies; 19-47% remains in
climatically suitable areas and 30-64% is in climatically stressed areas.

Components of climate change that this report explicitly includes have been made as transparent as possible, in order to
allow for future evaluation of results, and potential modification of the parameters to better train the models to portray
vegetation dynamics as they progress. In particular, for the S&A analysis, we scored individual species that comprise each
macrogroup. This use of trait-based sensitivity and adaptive capacity scores, which are derived from the literature and
expert opinion but in most cases have not been quantitatively proven, provides a series of hypotheses about how
individual species may respond to climate change. As further information becomes available, these scores can be adjusted,
which may adjust the overall ranking of a macrogroup. And, more detailed climate vulnerability work on individual
dominant plant species can be developed. The scoring matrix the species occupy could also be expanded to include other
important traits, and more species could be scored using the approach. Scores presented here that are particularly based on
estimates rather than from study results or substantial field observations, are the species sensitivity to temperature and
precipitation changes, which could be better informed through long term monitoring, eddy flux covariance studies, and
experimental approaches.

Components of climate change that this study does not explicitly include, but which are currently observed to be affecting
vegetation in the state include extreme events such as multi-year droughts or short-duration heavy precipitation events,
and secondary impacts such as large wildfires, insect outbreaks and invasive species incursions. These types of impacts
will likely interact with the stress or vulnerability of macrogroups, to compound the effects of climate change. For
example, fire may remove a dominant vegetation type from a site and the site may then regenerate to another type of
vegetation, because the establishment conditions have changed. The results presented in this report should therefore be
treated as conservative estimates of potential future impacts.

* Thorne, J.H., R.M. Boynton, L.E. Flint, A.L. Flint. 2015. Comparing historic and future climate and hydrology for California’s
watersheds using the Basin Characterization Model. Ecosphere 6(2). Online http://www.esajournals.org/doi/pdf/10.1890/ES14-00300.
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Table 1. Mean Climate VVulnerability Scores for California Macrogroups. The mean climate vulnerability scores for 31 macrogroups in

California. The breaks for classing vulnerability scores are: Low = 0.294-1.180; Medium = 1.180 — 2.066; High = 2.066 — 2.952.

Macro- Area Mean
group Common Name Macrogroup Name Mapped | Vulnerability
Number Km? Rank
9 California Foothill and Valley California Forest and Woodland 49,765 Moderate
Forests and Woodlands
20 Subalpine Aspen Forests & Pine | Rocky Mountain Subalpine and High Montane Conifer 9,427 High
Woodlands Forest
23 North Coastal M').(Ed Evergreen Californian-Vancouverian Montane and Foothill Forest 53,427 Moderate
and Montane Conifer Forests
24 | Pacific Northwest Conifer Forests | Vancouverian Rainforest 4512 Mid-High
25 Eﬁfézf Northwest Subalpine Vancouverian Subalpine Forest 1,010 Mid-High
26 Great Basin Pinyon-Juniper Intermountain Basins Pinyon-Juniper Woodland 11,148 Mid-High
Woodland y P ' g
27 Non-Native Forest and Introduced NA Mediterranean Woodland and Forest 228 Moderate
Woodlands
North Coastal Riparian and Vancouverian flooded and Swamp Forest [Formerly
34 | Montane Riparian Forest and Macrogroup Western Cordilleran Montane—Boreal Riparian 1,204 Moderate
Woodland Scrub and Forest]
American Southwest Riparian - o
36 Forest and Woodland Warm Southwest Riparian Forest 1,862 Mid-High
43 | Chaparral California Chaparral 27,259 Moderate
44 | Coastal Sage Scrub California Coastal Scrub 7,868 Mid-High
45 Callforn_la Grassland and California Annual and Perennial Grassland 45,229 Mid-High
Flowerfields
Mountain Riparian Scrub and Western North American Montane-Subalpine Wet g
a7 Wet Meadow Shrubland & Wet Meadow 1277 Mid-High
48 | Western Upland Grasslands Western North American Temperate Grassland and 181 Mid-High
Meadow
50 North Coast_ I_DeC|duous Scrub and Vancouverian Lowland Grassland and Shrubland 1,518 Moderate
Terrace Prairie
52 | Montane Chaparral Cool Interior Chaparral 6,281 Moderate
58 | Coastal Dune and BIuff Scrub Vancouverian Coastal Dune and Bluff 414 Mid-High
73 | Freshwater Marsh Western North American Freshwater Marsh 1,329 High
75 | Wet Mountain Meadow Western North America Wet Meadow and Low Shrub Carr 91 Mid-High
81 | Salt Marsh Meadows North American Pacific Coastal Salt Marsh 441 High
88 | Mojave and Sonoran Desert Scrub | Mojavean—Sonoran Desert Scrub 83,268 Moderate
92 SDfrsjgt Wash Woodland and North American Warm-Desert Xero-Riparian 3,794 Moderate
93 | Shadscale-Saltbush Scrub Great Basin Saltbush Scrub Macrogroup 7,776 Moderate
96 | Big Sagebrush Scrub Western North America Tall Sage Shrubland and Steppe 16,181 Mid-High




Macro- Area Mean
group Common Name Macrogroup Name Mapped | Vulnerability
Number Km? Rank
97 gfjé Basin Dwarf Sagebrush Western North America Dwarf Sage Shrubland and Steppe 3,014 High
98 | Great Basin Upland Scrub Inter-Mountain Dry Shrubland and Grassland 1,673 High
101 | Alpine Vegetation Vancouverian Alpine Scrub, Forb Meadow, and Grassland 513 High
Brackish (Estuarine) Submerged - .
106 Aquatic Vegetation Temperate Pacific Intertidal Shore 26 Not scored
California Foothill and Coastal e . S
110 Rock Outcrop Vegetation California CIiff, Scree, and Other Rock Vegetation 6,355 Mid-High
114 Northwest Coast CIiff and Vancouverian Cliff, Scree, and Other Rock Vegetation 590
Outcrop Not scored
117 | Sparsely Vegetated Desert Dune North American Warm Semi-Desert Cliff, Scree, and Other 5,609 Moderate

Rock Vegetation
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Figure 1. Macrogroup Vulnerability Rankings Averaged Across Climate Projections. The average vulnerability ranking for macrogroups
across the four climate projections used. Grey areas on the map represent urban and agricultural areas and were not evaluated.

Table 2. Climate Vulnerability Scores for All Macrogroups and Climate Projections. The climate vulnerability scores for macrogroups scored
for four climate projections. The range in values for each macrogroup shows that most transition from one to another level of vulnerability,
depending on the climate projection. The breaks vulnerability scores are: Low = 0.294-1.180; Medium = 1.180 — 2.066; High = 2.066 — 2.952.
‘S&A’ stands for sensitivity and adaptive capacity.



Spatial

Mean Climate

Climate

' ) S&A Climate Disruption Exposu_re & Exposu_re Combingq Col\rfw(le)ailged
Macrogroup (Common Name ) Climate Scenario Score S&A Rank | Exposure (% No _Spatlgl & Spat!al Vulnerability Vulnerability
(% >95%) Lgnger Disruption Disruption Rank Rank
Suitable) Score Rank

CNRM CMS5 - RCP 4.5 3.12 Moderate 32% 24.50% 28.25% Moderate Moderate Moderate
9. California Foothill and Valley CNRM CMS5 - RCP 8.5 3.12 Moderate 54% 31.70% 42.85% Moderate Moderate
Forests and Woodlands MIROC ESM - RCP 4.5 3.12 | Moderate 17% 39.80% 28.40% | Moderate Moderate
MIROC ESM - RCP 8.5 3.12 Moderate 47% 59.50% 53.25% Mid-High Mid-High

CNRM CM5 - RCP 4.5 2.50 High 19% 33.80% 26.40% | Moderate Mid-High High
20. Subalpine Aspen Forests & Pine | CNRM CM5 - RCP 8.5 2.50 High 53% 66.70% 59.85% | Mid-High High
Woodlands MIROC ESM - RCP 4.5 2.50 High 33% 72.20% 52.60% | Mid-High High
MIROC ESM - RCP 8.5 2.50 High 84% 94.90% 89.45% High High

CNRM CM5 - RCP 4.5 2.86 | Mid-High 11% 10.90% 10.95% Low Moderate Moderate
23. North Coastal Mixed Evergreen | CNRM CM5 - RCP 8.5 2.86 | Mid-High 22% 18.80% 20.40% Low Moderate
and Montane Conifer Forests MIROC ESM - RCP 4.5 2.86 | Mid-High 12% 43.50% 27.75% | Moderate Mid-High
MIROC ESM - RCP 8.5 2.86 Mid-High 34% 69.40% 51.70% Mid-High Mid-High

CNRM CM5 - RCP 4.5 2.89 Moderate 51% 26.80% 38.90% Moderate Moderate Mid-High
CNRM CMS5 - RCP 8.5 2.89 Moderate 89% 48.70% 68.85% Mid-High Mid-High

24. Pacific Northwest Conifer Forests

MIROC ESM - RCP 4.5 2.89 Moderate 24% 53.00% 38.50% Moderate Moderate
MIROC ESM - RCP 8.5 2.89 | Moderate 53% 81.30% 67.15% | Mid-High Mid-High

CNRM CMS5 - RCP 4.5 2.63 Mid-High 1% 60.10% 30.55% Moderate Mid-High Mid-High
25. Pacific Northwest Subalpine CNRM CM5 - RCP 8.5 2.63 | Mid-High 10% 67.50% 38.75% | Moderate Mid-High
Forest MIROC ESM - RCP 4.5 2.63 Mid-High 6% 84.90% 45.45% Moderate Mid-High
MIROC ESM - RCP 8.5 2.63 Mid-High 44% 93.50% 68.75% Mid-High Mid-High

CNRM CM5 - RCP 4.5 2.22 High 26% 50.30% 38.15% | Moderate Mid-High Mid-High
26. Great Basin Pinyon-Juniper | CNRM CM5 - RCP 8.5 2.22 High 72% 69.30% 70.65% | Mid-High High
Woodland MIROC ESM - RCP 4.5 2.22 High 16% 38.90% 27.45% | Moderate Mid-High
MIROC ESM - RCP 8.5 2.22 High 28% 50.80% 39.40% Moderate Mid-High

CNRM CM5 - RCP 4.5 3.56 Low 71% 17.40% 44.20% Moderate Moderate Moderate
27 Non-Native Forest and woodlands CNRM CM5 - RCP 8.5 3.56 Low 97% 10.50% 53.75% Mid-High Moderate
MIROC ESM - RCP 4.5 3.56 Low 36% 12.00% 24.00% Low Low
MIROC ESM - RCP 8.5 3.56 Low 74% 6.20% 40.10% Moderate Moderate




Spatial Mean Climate Climate Mean
SQA Climate Disruption Exposure & Exposure Combined Combined
Macrogroup (Common Name) Climate Scenario S&A Rank | Exposure (% No Spatial & Spatial | Vulnerability -
Score ; ; - ; Vulnerability
(% >95%) Longer Disruption Disruption Rank Rank
Suitable) Score Rank
CNRM CM5 - RCP 4.5 2.89 Moderate 20% 22.50% 21.25% Low Moderate Moderate
3:/-| NCtWth CRQaStE}' RiFl%Wiatn afzid CNRM CMS5 - RCP 8.5 2.89 | Moderate 26% 25.30% 25.65% | Moderate Moderate
ontane Riparian Forest an
Woodland MIROC ESM - RCP 4.5 2.89 Moderate 7% 30.80% 18.90% Low Moderate
MIROC ESM - RCP 8.5 2.89 Moderate 18% 39.40% 28.70% Moderate Moderate
CNRM CMS5 - RCP 4.5 3.20 Moderate 57% 24.30% 40.65% Moderate Moderate Mid-High
36. American Southwest Riparian CNRM CM5 - RCP 8.5 3.20 Moderate 88% 22.80% 55.40% Mid-High Mid-High
Forest and Woodland MIROC ESM - RCP 4.5 3.20 | Moderate 43% 15.50% 29.25% | Moderate Moderate
MIROC ESM - RCP 8.5 3.20 Moderate 84% 19.90% 51.95% Mid-High Mid-High
CNRM CM5-RCP 4.5 2.89 Moderate 16% 8.10% 12.05% Low Moderate Moderate
CNRM CM5 - RCP 8.5 2.89 Moderate 38% 9.10% 23.55% Low Moderate
43. Chaparral
MIROC ESM - RCP 4.5 2.89 Moderate 19% 28.00% 23.50% Low Moderate
MIROC ESM - RCP 8.5 2.89 Moderate 42% 53.90% 47.95% Moderate Moderate
CNRM CM5 - RCP 4.5 2.78 Mid-High 25% 13.50% 19.25% Low Moderate Mid-High
1 C | Sace Serub CNRM CM5 - RCP 8.5 2.78 Mid-High 62% 8.70% 35.35% Moderate Mid-High
. Coastal Sage Scru
g MIROC ESM - RCP 4.5 2.78 Mid-High 34% 20.70% 27.35% Moderate Mid-High
MIROC ESM - RCP 8.5 2.78 Mid-High 59% 27.70% 43.35% Moderate Mid-High
CNRM CM5 - RCP 4.5 2.81 Mid-High 33% 17.70% 25.35% Moderate Mid-High Mid-High
45. California Grassland and CNRM CM5 - RCP 8.5 2.81 Mid-High 60% 34.30% 47.15% Moderate Mid-High
Flowerfields MIROC ESM - RCP 4.5 2.81 | Mid-High 24% 16.10% 20.05% Low Moderate
MIROC ESM - RCP 8.5 2.81 Mid-High 53% 48.30% 50.65% Mid-High Mid-High
CNRM CMS5 - RCP 4.5 2.97 Moderate 29% 26.70% 27.85% Moderate Moderate Mid-High
47. Mountain Riparian Scrub and CNRM CM5 - RCP 8.5 2.97 Moderate 85% 69.10% 77.05% High Mid-High
Wet Meadow MIROC ESM - RCP 4.5 297 | Moderate 16% 36.10% 26.05% | Moderate Moderate
MIROC ESM - RCP 8.5 2.97 Moderate 59% 73.30% 66.15% Mid-High Mid-High
CNRM CM5 - RCP 4.5 2.58 Mid-High 19% 88.10% 53.55% Mid-High Mid-High Mid-High
CNRM CM5 - RCP 8.5 2.58 Mid-High 26% 97.60% 61.80% Mid-High Mid-High
48. Western Upland Grasslands - - - -
MIROC ESM - RCP 4.5 2.58 Mid-High 2% 89.80% 45.90% Moderate Mid-High
MIROC ESM - RCP 8.5 2.58 Mid-High 14% 100.00% 57.00% Mid-High Mid-High




Spatial Mean Climate Climate Mean
SQA Climate Disruption Exposure & Exposure Combined Combined
Macrogroup (Common Name) Climate Scenario S&A Rank | Exposure (% No Spatial & Spatial | Vulnerability o
Score o ; - : : Vulnerability
(% >95%) Longer Disruption Disruption Rank Rank
Suitable) Score Rank
CNRM CM5 - RCP 4.5 2.97 Moderate 16% 26.30% 21.15% Low Moderate Moderate
50. North Coast Deciduous Scrub and CNRM CM5 - RCP 8.5 2.97 Moderate 30% 40.20% 35.10% Moderate Moderate
Terrace Prairie MIROC ESM - RCP 4.5 2.97 Moderate 13% 29.20% 21.10% Low Moderate
MIROC ESM - RCP 8.5 2.97 Moderate 50% 57.30% 53.65% Mid-High Mid-High
CNRM CM5-RCP 4.5 3.00 Moderate 6% 20.60% 13.30% Low Moderate Moderate
CNRM CM5 - RCP 8.5 3.00 Moderate 18% 47.30% 32.65% Moderate Moderate
52. Montane Chaparral
MIROC ESM - RCP 4.5 3.00 Moderate 3% 38.80% 20.90% Low Moderate
MIROC ESM - RCP 8.5 3.00 Moderate 13% 68.90% 40.95% Moderate Moderate
CNRM CM5 - RCP 4.5 241 High 51% 12.40% 31.70% Moderate Mid-High Mid-High
CNRM CM5 - RCP 8.5 241 High 92% 4.40% 48.20% Moderate Mid-High
58. Coastal Dune and Bluff Scrub - ) -
MIROC ESM - RCP 4.5 241 High 42% 14.60% 28.30% Moderate Mid-High
MIROC ESM - RCP 8.5 241 High 64% 0.40% 32.20% Moderate Mid-High
CNRM CM5 - RCP 4.5 3.00 Moderate 99% 74.20% 86.60% High High High
CNRM CM5 - RCP 8.5 3.00 Moderate 100% 96.80% 98.40% High High
73. Freshwater Marsh - -
MIROC ESM - RCP 4.5 3.00 Moderate 96% 71.30% 83.65% High High
MIROC ESM - RCP 8.5 3.00 Moderate 100% 93.10% 96.55% High High
CNRM CM5 - RCP 4.5 2.21 High 17% 57.40% 37.20% Moderate Mid-High Mid-High
CNRM CM5 - RCP 8.5 2.21 High 58% 78.90% 68.45% Mid-High High
75. Wet Mountain Meadow - - -
MIROC ESM - RCP 4.5 221 High 11% 55.00% 33.00% Moderate Mid-High
MIROC ESM - RCP 8.5 221 High 29% 75.70% 52.35% Mid-High High
CNRM CM5 - RCP 4.5 3.00 Moderate 100% 72.40% 86.20% High High High
CNRM CM5 - RCP 8.5 3.00 Moderate 100% 85.20% 92.60% High High
81. Salt Marsh Meadows ; -
MIROC ESM - RCP 4.5 3.00 Moderate 93% 70.80% 81.90% High High
MIROC ESM - RCP 8.5 3.00 Moderate 100% 92.20% 96.10% High High
CNRM CM5 - RCP 4.5 2.84 Mid-High 31% 13.60% 22.30% Low Moderate Moderate
88. Mojave and Sonoran Desert CNRM CM5 - RCP 8.5 2.84 Mid-High 70% 22.30% 46.15% Moderate Mid-High
Scrub MIROC ESM - RCP 4.5 2.84 Mid-High 23% 0.00% 11.50% Low Moderate
MIROC ESM - RCP 8.5 2.84 Mid-High 47% 0.10% 23.55% Low Moderate




Spatial Mean Climate Climate Mean
S&A Climate Disruption Exposure & Exposure Combined Combined
Macrogroup (Common Name) Climate Scenario S&A Rank | Exposure (% No Spatial & Spatial | Vulnerability o
Score o ; - : : Vulnerability
(% >95%) Longer Disruption Disruption Rank Rank
Suitable) Score Rank
CNRM CM5 - RCP 4.5 3.15 Moderate 27% 0.30% 13.65% Low Moderate Moderate
92. Desert Wash Woodland and CNRM CM5 - RCP 8.5 3.15 Moderate 75% 0.40% 37.70% Moderate Moderate
Scrub MIROC ESM - RCP 4.5 3.15 | Moderate 33% 0.00% 16.50% Low Moderate
MIROC ESM - RCP 8.5 3.15 Moderate 65% 0.00% 32.50% Moderate Moderate
CNRM CM5 - RCP 4.5 3.11 Moderate 49% 61.10% 55.05% Mid-High Mid-High Moderate
CNRM CM5 - RCP 8.5 3.11 Moderate 83% 96.60% 89.80% High Mid-High
93. Shadscale-Saltbush Scrub
MIROC ESM - RCP 4.5 3.11 Moderate 22% 14.70% 18.35% Low Moderate
MIROC ESM - RCP 8.5 3.11 Moderate 28% 37.50% 32.75% Moderate Moderate
CNRM CM5 - RCP 4.5 2.67 Mid-High 40% 39.00% 39.50% Moderate Mid-High Mid-High
CNRM CM5 - RCP 8.5 2.67 Mid-High 86% 84.20% 85.10% High High
96. Big Sagebrush Scrub N
MIROC ESM - RCP 4.5 2.67 Mid-High 12% 14.70% 13.35% Low Moderate
MIROC ESM - RCP 8.5 2.67 Mid-High 28% 37.70% 32.85% Moderate Mid-High
CNRM CM5 - RCP 4.5 2.33 High 97% 99.90% 98.45% High High High
97. Great Basin Dwarf Sagebrush CNRM CMS5 - RCP 8.5 2.33 High 99% 100.00% 99.50% High High
Scrub MIROC ESM - RCP 4.5 2.33 High 93% 100.00% 96.50% High High
MIROC ESM - RCP 8.5 2.33 High 99% 100.00% 99.50% High High
CNRM CM5 - RCP 4.5 2.44 High 67% 33.80% 50.40% Mid-High High High
CNRM CM5 - RCP 8.5 2.44 High 95% 74.80% 84.90% High High
98. Great Basin Upland Scrub - - -
MIROC ESM - RCP 4.5 2.44 High 36% 16.30% 26.15% Moderate Mid-High
MIROC ESM - RCP 8.5 2.44 High 98% 51.20% 74.60% Mid-High High
CNRM CM5 - RCP 4.5 2.76 Mid-High 33% 47.30% 40.15% Moderate Mid-High High
CNRM CMS5 - RCP 8.5 2.76 Mid-High 94% 76.00% 85.00% High High
101. Alpine Vegetation — - -
MIROC ESM - RCP 4.5 2.76 Mid-High 7% 90.70% 83.85% High High
MIROC ESM - RCP 8.5 2.76 Mid-High 97% 98.20% 97.60% High High
CNRM CM5 - RCP 4.5 Not scored Not scored 100.00% 100.00%
106. Brackish (estuarine) Submerged CNRM CM5 - RCP 8.5 100.00% 100.00%
Aquatic Vegetation MIROC ESM - RCP 4.5 100.00% 100.00%
MIROC ESM - RCP 8.5 100.00% 100.00%




Spatial Mean Climate Climate Mean
SQA Climate Disruption Exposure & Exposure Combined Combined
Macrogroup (Common Name) Climate Scenario S&A Rank | Exposure (% No Spatial & Spatial | Vulnerability -
Score ; ; - ; Vulnerability
(% >95%) Longer Disruption Disruption Rank Rank
Suitable) Score Rank
CNRM CMS5 - RCP 4.5 2,78 | Mid-High 13% 13.70% 13.35% Low Moderate Mid-High
110. California Foothill and Coastal CNRM CM5 - RCP 8.5 2.78 | Mid-High 30% 45.70% 37.85% | Moderate Mid-High
Rock Outcrop Vegetation MIROC ESM - RCP 4.5 2.78 Mid-High 3% 66.40% 34.70% Moderate Mid-High
MIROC ESM - RCP 8.5 2,78 | Mid-High 8% 93.60% 50.80% | Mid-High Mid-High
CNRM CM5 - RCP 4.5 Not scored 16% 72.10% 44.05%
114. Northwest Coast Cliff and CNRM CMS5 - RCP 8.5 26% 89.20% 57.60%
Outcrop MIROC ESM - RCP 4.5 21% 80.60% 50.80%
MIROC ESM - RCP 8.5 26% 95.40% 60.70%
CNRM CM5 - RCP 4.5 2.67 | Mid-High 16% 6.10% 11.05% Low Moderate Moderate
CNRM CM5 - RCP 8.5 2.67 | Mid-High 70% 12.50% 41.25% | Moderate Mid-High
117. Sparsely Vegetated Desert Dune —
MIROC ESM - RCP 4.5 2.67 | Mid-High 23% 0.90% 11.95% Low Moderate
MIROC ESM - RCP 8.5 2.67 | Mid-High 60% 0.90% 30.45% | Moderate Mid-High
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Lower Emissions Higher Emissions

Warm and Wet

Hot and Dry

Vulnerability Rank: [l High [ | Mid-High [l Moderate [l Low

Figure 2. Mapped End-of-Century Vulnerability Rankings Under Four Climate Projections. A map of the end century vulnerability rankings
for macrogroups under the four climate projections. “Warm and Wet” = CNRM CM35, “Hot and Dry” = MIROC ESM, Lower Emissions = RCP 4.5,

and Higher Emissions = RCP 8.5. Grey areas on the map represent urban and agricultural areas and were not evaluated.
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Hot and Dry

Levelof Exposure: B 2 [ [ 1 [ EI . L
< 40% 40 - 60% 60 - 80% 80 - 90% 90-95% 95-99% 99-100% Non-Analog

Figure 3. Mapped Climate Exposure Under Four Climate Projections. This image shows the climate exposure of macrogroups under the four
climate projections. Areas considered to be highly stressed are in the 95-99%, 99-100% and Non-Analog categories. Areas with values <80% are
considered to be in climatically suitable conditions for the vegetation that currently occupies them. “Warm and Wet” = CNRM CMS5, “Hot and Dry”
= MIROC ESM, Lower Emissions = RCP 4.5, and Higher Emissions = RCP 8.5. Grey areas on the map represent urban and agricultural areas and
were not evaluated
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Table 3. Extent of Vegetation in Each Vulnerability Class. The extent of vegetation in each vulnerability class by the end century under four
climate projections.

Vulnerability Class | CNRM CMS5 4.5 (km?) Miroc ESM 4.5 (km?) | CNRM CM5 8.5 (km?) Miroc ESM 8.5 (km?)

Low 0 0 228 0
Moderate 254,228 143,476 255,536 129,811
Mid-High 91,971 164,086 82,168 206,357
High 6,458 45,094 14,724 16,488
Not Analyzed 615 615 615 615
Total 353,271 353,271 353,271 353,271

0.5
>95%

MIROC 8.5 MIROC 4.5 CNRM 8.5 oCNRM4.5 Current

Figure 4. Percentage of Each Macrogroup Under Climatically Suitable and Stressed Conditions. The percent of each macrogroup under
suitable (<80%) and stressed (>95%) conditions for each climate projection. Current-time classification is shown as the blue diamond, which sets
80% of the area of each type as climatically suitable and 5% as already marginal. The colored dots represent the macrogroups in each of the four
future climates modeled. The dots further to the right are macrogroups with higher proportions of their extent in highly climatically exposed
conditions by 2100. Note that the proportions do not sum to 100% because the mid-level climate conditions (80-95%) are not shown.
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INTRODUCTION

Purpose of study

Climate change is a major challenge to the conservation of California’s natural resources. Climatic changes are already
occurring in the state and have resulted in observed changes in natural systems. For example, migrating butterflies have
been appearing earlier in the year, some mammal species population distributions have shifted, and some forest species
are gradually moving to higher elevations®. Projected changes in climate, including extreme events such as fire, drought,
flood, extreme temperatures, and storm events, are likely to have significant impacts on habitats, species, and human
communities in the near future®.

California is ranked as a global biodiversity hotspot, both biologically diverse and highly threatened. As stewards of the
state’s diverse fish, wildlife, and plant species, and the habitats they depend on, the California Department of Fish and
Wildlife (CDFW) needs to better understand and plan for these environmental changes. The CDFW has taken a lead role
in climate adaptation planning for biodiversity conservation. For example, the 2015 revision of the State Wildlife Action
Plan (SWAP 2015)’, presents an opportunity to review climate risks from the perspective of developing a state-wide
framework for conservation.

The CDFW requested the University of California, Davis to produce a California-wide, climate change vulnerability
analysis at the macro-habitat scale for aggregated terrestrial vegetation types. Climate vulnerability is defined as a species’
or system’s exposure to and sensitivity to climatic changes and its ability to adapt to or cope with these changes.

The vegetation classification used in this study and in the SWAP report is a mid-level step in the National Vegetation
Classification System (NVCS) called Macrogroups®, which represent the 4" level up of generalization from the most
detailed descriptions (Association) and the 5" level down from the most general. Macrogroups were chosen as the
reporting unit for this analysis as these vegetation types serve as terrestrial conservation targets in the SWAP, and
conservation strategies have been developed for them as part of the SWAP 2015 update. This report does not include a
detailed analysis for all macrogroups presented in the SWAP 2015 update, as only 31 macrogroups are mapped in the
2015 vegetation map of the state that we used. See the ‘Vegetation Data’ section for more detail.

Use of Study Results

The detailed results of the macrogroup vulnerability assessment presented here can contribute to the development of
climate adaptation strategies that complement and provide context for conservation strategies for California’s major
vegetation types. The study results could also be used in climate change scenario planning exercises, and may be
especially informative when combined with the results of taxa or species-specific climate vulnerability assessments that
have been completed in previous years by CDFW and partners.

The scores provided in this study are general estimates of vulnerability, and are best used in concert with one another to
evaluate the relative vulnerability of California’s plant communities to climate change; they should not be viewed as local
predictions or declarations of vulnerability at an individual site. Reviewing the components that comprise the overall
vulnerability score (the climate exposure, sensitivity, adaptive capacity, and spatial disruption) will be more useful than
the overall score, when examining impacts to an individual vegetative community. It should be noted that these
components incorporate explicit assumptions about how individual species will respond to climate change, often relying
in part on expert opinion and published literature. Because current knowledge about each vegetation type and associated
physiological responses to climate varies, these assumptions introduce some uncertainty into the component scores that
are incorporated into the overall vulnerability score of an individual macrogroup. As more information about individual
plant species becomes available, component scores can be updated and new categories of rankings added (e.g. plant
species rooting depth), and the overall vulnerability score of a macrogroup adjusted accordingly. The approach presented
here is designed to accommodate the addition of new information and future modifications with relative ease.

® http://www.oehha.ca.gov/multimedia/epic/pdf/ClimateChangelndicatorsReport2013.pdf
® http://www.energy.ca.gov/2012publications/CEC-500-2012-007/CEC-500-2012-007.pdf
" http://www.dfg.ca.gov/swap/
® http://usnvc.org/data-standard/natural-vegetation-classification/
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All data products related to this report were provided to the CDFW. It is the intention of CDFW to make the data available
to the public via a website called the California Climate Commons (http://climate.calcommons.org/). The date of posting
of the data has not yet been determined, and is beyond the scope of this report.

Organization of the report

This introduction presents the approaches used for the vulnerability assessment, an overview of the data used, and spatial
representation of the statewide results. A summary of key results is presented in the Executive Summary at the top of this
report. Results for each of the macrogroups analyzed are presented in separate profile sections hereafter.

The report addresses all of California’s lands that are occupied by native vegetation, and excludes the agricultural and
urban regions. The report details 31 macrogroups, covering 99.87% of the state’s natural terrestrial vegetation, which
were analyzed across their full mapped extent. The results were also produced as geographic information system (GIS)
data, which can be combined with various spatial representations of California such as counties or ecoregions for more
regional analyses. In the interests of brevity, ecoregional summaries are not included in the report.

APPROACH USED

The objectives of this report are to assess the climatic vulnerability of California’s terrestrial macrogroups, and to create a
ranking system that is transparent and updateable. To do this, we compiled four types of information as components of an
overall vulnerability score. Each macrogroup’s overall score is a combination of estimates of its sensitivity, adaptive
capacity, climate exposure and expected shifts in extent. This section presents a summary of the methods used. More
detailed information on how the individual estimates were derived is presented in the Analysis Approach section below.

First, each Macrogroup (MG) was analyzed to determine which California habitats and associated dominant plant species
make up its definition. California habitats are defined by the California Department of Fish and Wildlife (CDFW) through
their California Wildlife Habitat Relationship (WHR) models®. WHR types are made up of plant species, such as the
dominant trees, shrubs, and smaller plants. CDFW experts determined which WHR types correspond to each individual
macrogroup; this cross-walk was used to develop a list of the dominant plant species that comprise each macrogroup.

We then scored each dominant species for its sensitivity to, and ability to adapt (adaptive capacity) to climate change.
Sensitivity refers to the degree to which changes in climate are thought to directly impact different species. Adaptive
capacity refers to estimates of the degree to which different species can use their life history characteristics to moderate
impacts from changing climate. These two sets of scores represent the biological attributes of the dominant species in each
macrogroup. We scored each of the dominant species comprising each macrogroup, according to life history
characteristics defined in attribute tables of the California Manual of Vegetation (Keeler Wolf et al. 2009'°), and
supplemented by information found in the USDA plants database®* and the Jepson Interchange®, a web portal for
California plant taxonomy. The scores were combined to generate a single sensitivity and adaptive capacity (S&A) score.
More detail is provided in the “Analysis Approach” section below.

Climate exposure is the level of climate change expected in the areas where each macrogroup is dominating. This report
uses the term “vegetation climate exposure analysis” to describe the following analysis which was conducted on each
macrogroup. The vegetation climate exposure analysis is calculated using the mapped extent of each macrogroup. Every
grid cell of each macrogroup was ranked as to its level of exposure, relative to the entire area of that macrogroup. This
was done for the current time, and used to define the common climate found for each macrogroup. Once each type’s
“climate envelope” was defined, we then assessed how much every grid cell changed under various future climate
projections. This allowed a measure of the vegetation stress, or climate exposure. The area extent of each macrogroup that
will be lost from the most commonly occurring climate conditions (<80%) and the area that will fall into current marginal,

® https://www.dfg.ca.gov/biogeodata/cwhr/wildlife_habitats.asp
19 http://www.cnps.org/cnps/vegetation/manual.php
! http://www.plants.usda.gov
12 http://ucjeps.berkeley.edu/interchange/
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or stressed, climate conditions (>95%) or outside the current climate conditions was calculated. This approach is
particularly useful for resource managers, who often are constrained to work in specified areas, and need estimates of
what areas within their jurisdiction are likely to be highly stressed, and what areas are likely to be less stressed, in effect
climate refuge areas. A more detailed description of the climate exposure analysis can be found in the Analysis Approach
section below. Detailed information on climate data is presented under ‘Climate Model Selection and Data’ in the “Data
Used” section below.

The fourth measure is an estimate of the spatial disruption that could be expected for each macrogroup. To evaluate
spatial disruption, expected shifts in the area occupied by each macrogroup were modeled using the species distribution
model Maxent", a software program used to predict the range of a species, given a series of known locations, and
environmental predictor variables such as temperature and precipitation. We randomly sampled the map of each
macrogroup for 300 presence locations. These were used to develop current and future ranges, or expected extents of each
macrogroup. The difference in current and future extent represents the amount of spatial disruption that can be expected
for a given type. We measured this as the percent of predicted currently suitable range lost. We show the potential future
suitable range gained under climate projections, but do not include it in the vulnerability scoring due to assumptions
regarding the ability of the vegetation type as a whole to disperse to the new area and the concurrent required vacating of
space by other occupying vegetation to accommodate vegetation transition. A more detailed description of the spatial
disruption analysis can be found in the section below titled “Analysis Approach”.

The four measures were then combined into an index of vulnerability for each macrogroup, allowing for a relative cross-
comparison of macrogroups. Vulnerability scores were calculated, and are portrayed in tabular, graphical, and map-based
forms in the profile for each type, with a summary of expected vulnerability for all types in the Executive Summary. The
tables in each profile include numeric and categorical vulnerability scores, made up from the component scores for
sensitivity and adaptive capacity, exposure and turnover. We tested several ways to calculate a combined vulnerability
score, which all produced similar results. This report uses a simple classification table. The vertical axis of the table
classes the S&A scores into four 25% categories, from the minimum score of 2.21 to the maximum score of 3.56. The
horizontal axis of the table classes the mean of the climate exposure and spatial disruption scores into four 25% categories
as well. The categories in each case are termed ‘Low’, ‘Moderate’, Mid-High’ and ‘High’. Final rankings for each
macrogroup are determined from Table 4 as follows:

13 https://www.cs.princeton.edu/~schapire/maxent/
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Table 4. Vulnerability Ranking Rules. This matrix was used to assign vulnerability ranks to macrogroups. The sensitivity and adaptive capacity
(S&A scores) represent the mean of nine measures for the dominant plant species analyzed for each macrogroup. Each measure was scored from 1-5,
and the overall mean S&A scores were then partitioned into four categories. The mean climate exposure and spatial disruption scores are derived
from mapped-based analyses that assess the proportion of current macrogroup extent that becomes climatically stressed, and the proportion of the
current modeled range of the macrogroup projected to be lost, respectively. The mean of these two percentages for all macrogroups were portioned
into four classes.

Mean Climate Exposure & Spatial Disruption Score
75-100% 50-75% 25-50% ‘ 0-25%

Climate Exposure & Spatial Disruption Rank
S&A Score S&A Rank | High Mid-High Moderate Low
2.210 - 2.5475 High High High Mid-High Mid-High
2.5475 - 2.885 Mid-High High Mid-High Mid-High Moderate
2.885 - 3.225 Moderate High Mid-High Moderate Moderate
3.225 - 3.560 Low Mid-High Moderate Moderate Low

These values were calculated for each of the two GCMs and two emission scenarios. As a final rollup, the mean of the
four GCM/emission vulnerability scores was taken, to provide a single cross-comparable vulnerability score for each
macrogroup. In the event that there were even numbers of vulnerability ranks within a macrogroup for the four future
projections, the mean of the combined climate exposure and spatial disruption score was considered as well as the mean
of only the two GCM projections from the RCP 8.5 emission scenario, which is the emissions track that most closely
aligns with the 2015 actual emissions globally.

DATA USED

This section describes the two key types of data used in the analysis, climate data and vegetation data.

Climate Model Selection and Data

This report uses projections of future climate using two global climate models (GCMs) that respectively are
hotter and drier, and warmer and wetter than current conditions. For each GCM we used two emission scenarios
that represent lower and higher levels of greenhouse gas concentration. All analyses were conducted on
projections for the end century (2070-2099), which allow the furthest assessment of future trends. Additional
climate exposure analyses were conducted for (2010-2039 and 2040-2069).

These modeled projections were selected in a two-part process. First, we wanted to coordinate with the
upcoming California Energy Commission climate vulnerability assessment. The lead climate scientists from
that effort identified a draft short list of 10 GCMs for California, that meet various criteria based on replicability
of current and historical climate conditions, and the ability to predict extreme events. We added two GCMs to
the collection and assessed 12 GCMs for a moderate and a high emission scenario (RCP 4.5 and 8.5). These
were assessed using 12 km grids of California to quantify the level of difference between current (1981-2010)
and future conditions for the state (Figures 5 and 6).

We then statistically downscaled eight of the GCMSs to 270m grid scale™. At this level, 410,000 km? California
contains about 5.6 million grid cells, which could be analyzed for projected changes in climate. We reviewed
the various climate projections in GIS, and found that they do not represent uniform trends for precipitation and

Y Flint, L. E., and A. L. Flint. 2012a. Downscaling future climate scenarios to fine scales for hydrologic and ecological modeling and
analysis. Ecological Processes 1:1.
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temperature across all of California. To select the futures to be reported in this report, we selected two that are
relatively much drier or wetter than most of the models, in order to both capture a range of future conditions,
and also to minimize the areas within the state that seem to be trending in opposite directions from the overall
direction of a given model. The two GCMs selected are MIROC ESM and CNRM CM. The California mean
change in annual precipitation (PPT) and annual minimum (TMN) and maximum temperatures (TMX) for these
two GCMs and the RCP 4.5 and 8.5 are shown in Table 5. The emission scenarios were selected to represent a
more hopeful level of climate change (the lower emissions RCP 4.5) and emissions levels that are closer to the
current trend in emissions (the RCP 8.5).

Table 5. Projected Changes in Temperature and Precipitation in California by Climate Scenario. The mean change in annual minimum and
maximum temperature, and in precipitation from a current 30-year average, derived from maps representing all of California in 1981-2010, and
2070-2099.

Change In Annual Change In Annual Percent

Minimum Tmin Maximum Tmax Change In
GCM RCP Temperature °C SD Temperature °C SD Precipitation PPT SD
CNRM CM5 rcp4.5 1.994 1.773 2.671 1.363 23.0% 23.4%
CNRM CM5 rcp8.5 3.890 1.863 4.284 1.459 38.1% 27.2%
MIROC ESM rcp4.5 2.534 1.720 3.667 1.418 -18.9% 15.7%
MIROC ESM rcp8.5 4.557 1.790 5.863 1.657 -24.9% 15.0%

We ran the downscaled CNRM CM5 and MIROC ESM climate models under the RCP 4.5 and 8.5 emission
scenarios through the hydroclimatic model called the Basin Characterization Model* (Figure 7) (BCM) to
obtain a series of landscape hydrology values that could be what vegetation is more directly responding to,
including potential evapotranspiration (PET), actual evapotranspiration (AET), climatic water deficit (CWD)
(Figure 8), snowpack (PCK) on April 1¥, runoff (RUN) and recharge. In sum, 13 climate and hydrological
variables were developed for every grid cell.

1 Flint, L.E., A.L. Flint, J.H. Thorne, R.M. Boynton. 2013. Fine-scale hydrological modeling for regional landscape applications:
Model development and performance. Ecological Processes. 2:25. http://www.ecologicalprocesses.com/content/2/1/25;

Thorne, J.H., R.M. Boynton, L.E. Flint, A.L. Flint. 2015. Comparing historic and future climate and hydrology for California’s
watersheds using the Basin Characterization Model. Ecosphere 6(2). Online http://www.esajournals.org/doi/pdf/10.1890/ES14-
00300.1; Flint, L. E., and A. L. Flint. 2012a. Downscaling future climate scenarios to fine scales for hydrologic and ecological
modeling and analysis. Ecological Processes 1:1.

18


http://www.ecologicalprocesses.com/content/2/1/25
http://www.esajournals.org/doi/pdf/10.1890/ES14-00300.1
http://www.esajournals.org/doi/pdf/10.1890/ES14-00300.1

Climate Change Projections for California
2070-2099 relative to 1981-2010 (rcp4.5)
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Figure 5. Projected and Historical Climate Comparison for California Under the RCP 4.5 Emissions Scenario. The difference between the
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1981-2010 mean annual minimum temperatures and precipitation for California, and the 2070-2099 projections for 12 CMIP5 GCM projections and
the RCP 4.5 emission scenario. The origin of the axes represents mean California conditions for the 1981-2010 timeframe, used as the baseline. The

x axis refers to changes in temperature, and the y axis to changes from the % of current precipitation.
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Climate Change Projections for California
2070-2099 relative to 1981-2010 (rcp8.5)
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Figure 6. Projected and Historical Climate Comparison for California Under the RCP 8.5 Emissions Scenario. The difference
between the 1981-2010 mean annual minimum temperatures and precipitation for California, and the 2070-2099 projections for 12 CMIP5 GCM
projections and the RCP 8.5 emission scenario. The origin of the axes represents mean California conditions for the 1981-2010 timeframe, used as
the baseline. The x axis refers to changes in temperature, and the y axis to changes from the % of current precipitation.
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Figure 7. Basin Characterization Model Variables. The variables calculated by the Basin Characterization Model (BCM). The model runs on a

grid cell basis™®.

'® Thorne, J.H., R.M. Boynton, L.E. Flint, A.L. Flint. 2015. Comparing historic and future climate and hydrology for California’s
watersheds using the Basin Characterization Model. Ecosphere 6(2). Online http://www.esajournals.org/doi/pdf/10.1890/ES14-

00300.1.
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Figure 8. Map of Projected Change in Climate Water Deficit Under Four Climate Scenarios. The left panel shows one of the BCM model
outputs, annual climatic water deficit (CWD) values, for the current baseline 30 year period. The right hand panel shows the difference in climatic
water deficit from the current time to the four future climate projections. The change is in annual values in mm. These maps represent one of the
climate and hydrology variables used in the development of the climate envelopes for each macrogroup, in this case CWD represents an estimate of
plant stress due to unmet physiological demand for water.

Vegetation Data

This study takes advantage of a statewide vegetation map that can be portrayed using the macrogroup classification. The
use of a map permits site-specific climate impact assessments and development of the vegetation climate exposure
analysis, which compares each location occupied by a macrogroup to all the other locations occupied by the same type. A
general description of each macrogroup is provided in the Result sections.

The California State Department of Forestry and Fire Protection (CalFire) Fire and Resource Assessment Program
(FRAP) has produced a statewide vegetation map (Figures 9 and 10), which is a compilation of the most recent and most
accurate maps produced for various parts of the state'’. This most recent edition uses maps produced between 1990 and
2014, and is portrayed as a 30m grid. The vegetation in the map can be portrayed as either the WHR classes used by the
California Department of Fish and Wildlife, or by the macrogroup classification that is part of the national vegetation
classification system and has been adopted for use in the SWAP 2015 update to select conservation targets. We used the
macrogroup vegetation classification, for which there are 31 in vegetation map, and conducted the climate exposure
analysis and spatial disruption analysis using this map. The map was resampled to a 270m grid before analysis, to reduce
computing time, and to align the patterns of vegetation distribution with climate data used. The sampling selected the
most prevalent vegetation type found in the 81 30m grids within each 270m pixel. The resulting vegetation map used for
analysis contains approximately 5.6 million pixels, and retains the 31 macrogroups. The SWAP 2015 update identifies 38
macrogroups as occurring in California. However, seven macrogroups listed in the SWAP document do not appear in the

7 http://frap.fire.ca.gov/data/frapgisdata-sw-fveg_download.php
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statewide vegetation map: Western Cordilleran Montane Shrubland and Grassland, Warm Interior Chaparral, Western
North American Montane/Boreal Peatland, Western North American Vernal Pool, Warm Semi-Desert/Mediterranean
Alkali-saline Wetland, Cool Semi-Desert Wash and Disturbance Shrub, and Western North American Freshwater Aquatic
Vegetation. These types were excluded from analysis in this report because a spatial footprint of the type is needed for
two of the analyses presented here.
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Figure 9. Statewide Vegetation (Macrogroup) Map. The statewide vegetation map used for the climate exposure analysis in this report. This
image portrays the distribution of macrogroups which are analyzed. Note that some areas in the central valley and urban centers are in grey,
indicating zones that were excluded from this analysis. The natural vegetation in the central valley that is mapped is visible as small extents of
vegetation.
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Figure 10. Macrogroup Map Legend. The legend for the macrogroup map.
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ANALYSIS APPROACH

This section briefly reviews the sensitivity and adaptive capacity analysis, the vegetation climate exposure analysis, and
the spatial disruption analysis, which are used to generate the final vulnerability scores, as detailed above.

Sensitivity and Adaptive Capacity

Sensitivity and adaptive capacity scores were developed for the dominant plant species found within each macrogroup;
scores were generated based on the life history characteristics defined in attribute tables of the California Manual of
Vegetation (Keeler Wolf et al. 2009'®), and supplemented by information found in the USDA plants database™ and the
Jepson Interchange®, a web portal for California plant taxonomy

Six scores were developed for sensitivity:
Sensitivity to Temperature
Sensitivity to Precipitation
Fire Sensitivity
Germination Agents
Mode(s) of dispersal
and, Reproductive lifespan

We also scored each species for three adaptive capacity traits:
Adaptive capacity to fire
Mode and level of recruitment
and, Seed longevity

Each criterion was scored on a relative 1-5 scale, with 1 being the most sensitive or least adaptive, and 5 representing the
least sensitive or highest level of adaptive capacity. The reasoning and scoring rules as applied to the Keeler Wolf et al.
(2009) life history tables are presented in the appendix. If a species’ condition was neutral for a category or was not
known, it was given a value of 3 for that entry.

The sensitivity and adaptive capacity scores (S&A scores) for all component dominant plants were then averaged for each
macrogroup, to come up with composite scores representing the macrogroup’s ecological attributes. The mean of the two
sets of scores were further developed, resulting in a comparable ranking of the each macrogroup’s ecological attributes.

Vegetation Climate Exposure Analysis

The vegetation climate exposure analysis takes advantage of the 2015 vegetation map compiled for California, which is
described above. The vegetation climate exposure model is implemented in the R programming language, and takes the
vegetation and climate raster files as the primary input data. The values of the climate raster files were randomly sampled
at 100,000 points on the landscape, which were used to fit a statistical model characterizing the relationship between the
variables both in the current time and for the modeled future data.

At each of these 100,000 points, 9 hydro-climatic variables were sampled to characterize the range and variation of
conditions in the study region. These variables were: annual mean minimum temperature (Tmin), annual mean maximum
temperature (Tmax), annual precipitation (PPT), actual evapotranspiration (AET), potential evapotranspiration (PET),
climatic water deficit (CWD), snowpack depth on April 1%, runoff, and recharge. The variation between these variables
was modeled using a principal component analysis®* (PCA\) to identify the dominant components of variation. The top-

18 http://www.cnps.org/cnps/vegetation/manual.php
9 http://www.plants.usda.gov
2 http://ucjeps.berkeley.edu/interchange/
1 McCune and Grace. 2002. Analysis of ecological communities. MJM Software design, Gleneden Beach, Oregon.
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two principal components axes, representing about 79% of the variability across the four climate projections, were
extracted as a two-dimensional space, and are portrayed as the axes for the PCA plots shown in each macrogroup chapter
below. This was done to simplify the representation of the climate space, while maintaining the most important
information on the variables to be associated with the observed vegetation distributions.

Next, the climate space occupied by each distinct macrogroup from the current time period was identified. This was done
by using the points for each type and applying a kernel density estimator on a 2-d surface composed of the first two
principal components of the climate conditions, shown below in each macrogroup chapter (e.g. Figure 11). The result is a
smoothed continuous point density surface, showing the prevalence of each vegetation type across the range of sampled
climatic conditions. This surface was partitioned by fitting contour lines so that they enclose a proportion of the original
points from the current time period. Contours were calculated at 5% increments. For example the innermost 5% contour
line encloses the 5% of pixels for the given vegetation type which are at the core of the climate space for that type, as
determined by its density in the climate space. Cells further away from the dense central core, are considered to be more
marginal in the vegetation type’s distribution. The outer contours are fit to enclose the 95-99% of climatically marginal
points, with the last 1% of cells (beyond the 99% contour) being the most marginal. In addition, if a cell lies outside the
space defined by the 99% contour of any vegetation type, it is considered to be “non-analog,” which means that it
experiences climatic conditions outside of the conditions where we have a good sample in the initial time period. As a
result, the status of that point is uncertain. There are occasionally a few extreme points which appear to be far outside the
general distribution for the type. These may be due to misclassified vegetation types in the source data, microclimatic
conditions not captured by the climate data, historic anomalies in long-lived species, etc.

Macrogroup 106 (Temperate Pacific Intertidal Shore) was excluded from the exposure analysis due to its limited
distribution within the study areas (351 270 m pixels in the macrogroup raster). The small sample size made it difficult to
accurately fit contour lines representing its climate space. Also excluded from this assessment are non-vegetated types
such as snow, open water, and ice; and non-natural landcover types mapped as vineyards, tilled earth, orchards and Urban.

Once the climate space contours were developed for each vegetation type, the outermost (99%) contours of all
macrogroups were unioned together to define the domain of the sampled climate space for the state, which appears as a
pale polygon on the images of the PCA charts below (e.g. Figure 11).

With the current climate space defined for each vegetation type, each pixel from every time period was then classified into
an exposure category based on where it falls relative to the density contours of its historic distribution. In the initial time
period, 1981-2010, the pixels by definition follow a uniform distribution across the classes. However, in the future time
periods climate conditions shift, resulting in the vegetation becoming exposed to different conditions (Figure 12, left
panel). Over time, they tend to experience increasingly marginal conditions relative to their observed distribution in the
recent past. The raster cells in these marginal conditions are considered to be highly exposed to stress and type
conversion. The most highly exposed cells fall completely outside the range of recent historic conditions for its type.
There is also the possibility that a location is exposed to a combination of climatic conditions which are outside the range
of the sampled historic conditions for the whole state. In this case, the conditions are considered “non-analog”, and no
explicit exposure ranking is made.

To visualize the values on the landscape, the exposure scores are projected back into spatial raster files, which can be
portrayed either in the original 5% intervals, or in fewer aggregated classes on a map (Figure 12, right panel). The classes
used in this report are: 0-20; 20-40; 40-60; 60-80; 80-90; 90-95; 95-99; 99-100; and >100, including non-analog space,
shown in black. For cartographic purposes, some classes were collapsed. We term all grid cells within 80% of the current
climate distribution to be in climatically suitable areas, and all grid cells in the >95% classes, including non-analog, to be
in the climatically stressed or marginal classes. The proportion of the entire range of each macrogroup that becomes
climatically stressed was used as the metric for climate exposure described above.
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Figure 11. Example of Vegetation Exposure for an Individual Macrogroup. An example of a macrogroup , sampled for points to which
hydroclimatic data were attached to render the current time PCA chart (inset), and classed by frequency of vegetation occurrence across climate
space. The map is classed to the same colors as the contour lines in the PCA diagram.
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Figure 12. Example of a Macrogroup’s Progression Across its Climate Space. The transition of each grid cell for macrogroup 24 across its
climate space by the end century, portrayed in the PCA space (left) and reprojected to the map to illustrate areas expected to be climatically stressed
(in orange, red, and black).
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Spatial Disruption

The spatial disruption analysis also takes advantage of the 2015 vegetation map compiled for California. The vegetation
map was randomly sub-sampled for 300 points for each macrogroup, which were used to generate the following analysis
(Figure 13). We selected each macrogroup’s points, and sampled the current and future climate conditions for 6 variables
to characterize the range of hydro-climatic conditions in the study region: mean annual actual evapotranspiration (AET),
mean annual snowpack (PCK), mean annual runoff (RUN), mean annual minimum temperature (Tmin), mean annual
maximum temperature (Tmax), and mean annual precipitation (PPT).
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Figure 13. Example of Mapped Climate Suitability for an Individual Macrogroup. An example of a macrogroup sampled for points to which
hydroclimatic data were attached to parameterize the Maxent species distribution model. Sampled points and thresholded current climatically suitable
habitat are depicted in the left panel. Continuous probability surfaces within 100 km of occurrence locations are depicted in the right panel.

The vegetation Species Distribution Models (SDMs) were implemented in the R programming language, and used the
Dismo® library and Maxent version 3.3.3k (Elith et al., 2011°°) for model parameterization. The following measures
were implemented to maximize model performance and temporal transferability and to reduce spurious relationships and
model complexity. For each macrogroup we used AIC. model selection* to evaluate models produced from 33 possible
predictor variable combinations with Pearson’s correlation coefficients less than 0.64 and up to four predictor variables
per model (Table 6). Maxent threshold and hinge features were turned off. Continuous climate suitability surfaces for each
macrogroup (Figure 13, right panel) were converted into binary surfaces representing the range of each species (the green
in Figure 13, left panel) using the threshold that maximized the sum of sensitivity and specificity. Background points,
representing pseudo absences needed to run Maxent were sampled from within 100 km of presence points.

We used the best performing (lowest AIC;) Maxent model parameterization to spatially project the current (1981-2010)
and modeled future (2070-2099) climatically suitable range for each macrogroup. For each type we present summaries of
projected change in suitable climate space over time, including area remaining suitable, area no longer suitable, and area
newly suitable (Figure 14). For the vulnerability analysis described above, we used the loss of current suitable range as the
metric. However, in the individual macrogroup reports below, we include greater detail about the changes projected using
this approach, including the expected gain in climatically suitable range.

%2 Robert J. Hijmans, Steven Phillips, John Leathwick and Jane Elith (2015).
dismo: Species Distribution Modeling. R package version 1.0-12. http://CRAN.R-project.org/package=dismo
Z Elith J., Phillips S., Hastie T., Dudik M., Chee Y., & Yates C. (2011) A statistical explanation of MaxEnt for ecologists. Diversity
and Distributions, 17, 4357.
% Warren D. & Seifert S. (2011) Ecological niche modeling in Maxent: the importance of model complexity and the performance of
model selection criteria. Ecological Applications, 21, 335-42.
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Table 6. Candidate Variable Combinations for Macrogroup Range Modelling Using Species Distribution Model Techniques. Table of 33
candidate variable combinations for the modeling of macrogroup ranges using species distribution model techniques.

aet_ave pck_ave + ppt_ave

aet_ave + pck_ave pck_ave + ppt_ave + tmn_ave
aet_ave + pck_ave + run_ave pck_ave + ppt_ave + tmx_ave
aet_ave + pck_ave + run_ave + tmn_ave pck_ave + run_ave

aet_ave + pck_ave + run_ave + tmx_ave pck_ave + run_ave + tmn_ave
aet_ave + pck_ave + tmn_ave pck_ave + run_ave + tmx_ave
aet_ave + pck_ave +tmx_ave pck_ave + tmn_ave

aet_ave +run_ave pck_ave +tmx_ave

aet_ave +run_ave + tmn_ave ppt_ave

aet_ave + run_ave + tmx_ave ppt_ave + tmn_ave

aet_ave + tmn_ave ppt_ave + tmx_ave

aet_ave + tmx_ave run_ave

cwd_ave run_ave +tmn_ave

cwd_ave + pck_ave run_ave + tmx_ave

cwd_ave + pck_ave + run_ave tmn_ave

cwd_ave + run_ave tmx_ave

pck_ave
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Figure 14. Example of the Projected Changes in Suitable Climate Space for an Individual Macrogroup. An example of projected changes in

suitable climate space for macrogroup 96, as predicted by the best performing species distribution model for vegetation using Maxent.
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RESULTS

Overall results are presented in the Executive Summary. This section provides detail on each macrogroup.

MGO009: Macrogroup California Forest and Woodland
Common Name: California Foothill and Valley Forests and Woodlands

This type includes all Mediterranean climate woodlands and forests in California from sea level to the point where snow
and frost in combination with high winter precipitation enables cool temperate species of trees to dominate the overstory
layer. This macrogroup ranges throughout the state west of the deserts and below the higher mountains where snow is the
main form of precipitation. This includes the central and south coast ranges, the Northern California Interior coast ranges,
The Sierra Foothills, Central Valley, and lower elevations of the west slope of the Sierra, the Southern Cascades, the
Southern Klamath Mountains, and the Transverse and Peninsular Ranges.

These forests and woodlands are composed of tree species largely adapted and endemic to the warm, dry summers, and
cool rainy winters of California's Mediterranean climate. They may be open woodlands to denser forests, and may be
dominated by broadleaf evergreen or deciduous hardwoods, co-dominated by hardwoods and conifers, or dominated
entirely by conifers. The understory can be grassy, shrubby, or mixed with both. This macrogroup contains two groups,
one dominated by broad leaf trees and the other dominated by conifers. The fire ecology is varied depending on the
spacing of trees and the herbaceous or woody understory characteristics.

For the broad-leaf component covered within the Group - Californian broadleaf forest and woodland, the macrogroup is
more general than any single WHR type. It includes the following WHR types, or components of WHR types: 1) coastal
oak woodland (COW) = stands dominated by coast live oak (Quercus agrifolia) and/or California bay, and/or Shreve oak,
and/or Engelmann oak (Quercus englemannii); 2) blue oak woodland (BOW) = stands dominated by blue oak (Quercus
douglasii) and or California buckeye; 3) blue oak —foothill pine (BOP) = stands dominated or co-dominated by blue oak
or foothill pine (Pinus sabiniana); 4) montane hardwood (MHW) = stands dominated by interior live oak (Quercus
wislizeni); and that with canyon oak (Quercus chrysolepis) and or black oak (Quercus kelloggii), co- dominant with
Douglas-fir (Pseudotsuga menziesii) or ponderosa pine (Pinus ponderosa)); 5) part of valley foothill riparian (VRI) (that
part with the valley oak (Quercus lobata) dominant) and montane hardwood conifer; and 6) valley oak woodland (VOW).
For the Coniferous component covered under this macrogroup, the WHR types include: closed-cone pine/cypress = stands
dominated by Bishop (Pinus muricata), knobcone (Pinus attenuata), or Monterey pine (Pinus radiata), and/or any native
cypress species; 7) juniper (JUN) = non-desert stands dominated by California juniper (Juniperus californica). Some
mixed stands of this group with Coulter pine (Pinus coulteri) and black oak may be considered as part of the Sierran
mixed conifer (SMC) habitat (8).

Macrogroup 9 is comprised of approximately eight WHR types for which we scored 13 representative dominant species.
The statewide extent for the current time period cover 49,530 km?, here shown classed according to its frequency of
occurrence in different parts of its current climate envelope, or distribution of climate conditions (Figure 15). Using the
current climate conditions for the extent of Macrogroup 9, a vegetation climate exposure analysis was developed to
indicate the portion of occupied climate conditions that occur infrequently, and represent the extreme of climate
conditions where this macrogroup occurs. The macrogroup occurring in these areas (>95% and beyond) is defined as
climatically stressed (or marginal), and is usually along the periphery of its current area. This climate envelope
classification is used to measure the changes that will occur under the various future climate projections.
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Figure 15. Map of Current Climate Suitability for Macrogroup 9. The 2015 mapped extent of macrogroup 9, classed into varying levels of
current climate suitability. Locations in the <40 category are those where this vegetation type most commonly occurs, and therefore thought to be the
least stressed locations. Vegetation at locations in the 95-99% and higher classes is occurring in areas that are already on the climatic margins of
where the type occurs. The inset represents the distribution of the vegetation when the climate conditions are reduced to two dimensions using a
principal components analysis. Colors in the inset and the map refer to the same categories of climate exposure.

Sensitivity and Adaptive Capacity

The dominant plant species for macrogroup 9 are assessed for their sensitivity to and ability to adapt to climate change,
and given a set of scores to indicate how each species will be impacted by climate change. The sensitivity score measures
the sensitivity to temperature, precipitation, and fire, as well as requirements for seeds to germinate, the modes of seed
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dispersal and reproductive lifespan. The adaptive capacity score measures how adaptive each species is to fire, the modes
and level of recruitment and seed longevity. Each criterion was scored on a relative 1-5 scale, with 1 being the most
sensitive or least adaptive capacity, and 5 representing the least sensitive or highest level of adaptive capacity. The plant
species within macrogroup 9 include both hardwoods and conifers, which have slightly different sensitivity and adaptive
capacity means (Table 7). The overall or grand mean for macrogroup 9 was found to be 3.12 for sensitivity and adaptive

capacity.

Table 7. Sensitivity and Adaptive Capacity Rankings for Magrocroup 9. Sensitivity and Adaptive Capacity rankings for the dominant species
comprising macrogroup 9. Two species, Pinus sabiniana and Pinus attenuate, are known to sprout after a fire, so sensitivity in germination is not as
low as general scoring for the agents listed.

L . . Species
Sensitivity Adaptive Capacity Score
. Climate | Climate Fire Germination Mode Reproductive . Recruitment Seed
Species Temp Precip | Sensitivity Agents Dispersal Lifespan Fire Mode. Longevity
/Fecundity
Hardwoods
Quercus
Quercus
englemannii 3 3 4 3 2 3 5 1 1 2.8
Quercus
douglasii 4 4 3 3 2 4 3 1 1 2.8
Pinus
sabiniana* 4 3 2 4 5 3 1 4 4 3.3
Quercus
chrysolepis 3 3 4 3 2 5 5 3 1 3.2
Quercus
lobata 3 3 5 3 2 5 5 1 1 3.1
Quercus 4 3 4 3 2 3| s 4 1 3.2
wislizeni
Mean 3.43 3.14 3.86 3.14 2.43 3.86 | 4.14 2.43 1.43
Mean | 3.31 Mean | 2.67
Conifers
Pinus
radiata 3 3 1 4 3 3| 5 4 5 3.4
Juniperus 3 3 1 2 2 3 5 2 2 2.6
californica
Pinus
attenuata 4 3 1 4 5 2 5 4 5 3.7
Pinus 3 3 5 2 4 5/ 4 4 1 3.4
ponderosa
Calocedrus 3 3 5 2 3 5 1 5 1 3.1
decurrens
Abies 2 2 2 2 4 50 1 5 1 2.7
concolor
Mean 3.00 2.83 2.50 2.67 3.50 3.83 | 3.50 4.00 2.50
Mean | 3.06 Mean | 3.33
Grand
Mean 3.12
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Projected Climate Exposure

The future climate exposure for macrogroup 9 was assessed for four climate scenarios using the climate envelope of the
mapped extent of this macrogroup under the current climate conditions. The four climate scenarios predict different

proportions of area that will be climatically stressed, depending on the future climate conditions of each scenario, for the

end-of-century time period, 2070-2099 (Figure 16).
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Figure 16. Maps of Projected Climate Exposure for Macrogroup 9. The climate exposure level for macrogroup 9 for four future climate
scenarios, for the time period 2070-2099. The color coding is the same as for the current time.

36



The future climate exposure in Figure 16 is derived from the PCA charts (Figure 17), which portray the climate conditions
for the range two-dimensionally, to show how much stress each macrogroup will encounter for each future climate
scenario.

Lower Emissions Higher Emissions

Warm and Wet

Hot and Dry
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-8 -4 -2 0 2 -8 -4 -2 0 2
Figure 17. PCA Charts: Two-dimensional Representations of Climate Exposure for Macrogroup 9. The PCA charts are two dimensional
representations of climate exposure for macrogroup 9 under four future climate projections, for the time period 2070-2099. Each dot corresponds to a
location on the previous block of maps. The contour lines represent the distribution of dots from the current time period, while the location and
coloring of the dots shows the future level of climate exposure. These images illustrate the shift to more stressful climate conditions (orange and red),
and to conditions that this vegetation type does not currently experience (black), here called “non-analog” conditions.
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Within each future climate scenario, the proportion of area that has shifted from suitable (0%-80%) to climatically
exposed (>95% and non-analog) can be calculated for each time period (Table 8). In the current time period, macrogroup
9 occupies 49,530 km®. By the end of the century, there will be between 14,826 km?* (30%) and 29,010 km? (69%) of the
total area that will remain suitable or become refugia for the vegetation in macrogroup 9, depending on the future climate
conditions. Between 8,578 km? (17%) and 26,643 km? (54%) will be climatically exposed by the end of century.

Table 8. Percentage of the Current Extent of Macrogoup 9 Within Each Climate Exposure Class. This table shows the percentage of the

current mapped extent within each climate exposure class, for the current time and for the four future climate and emissions scenarios. Maps in this
report only portray the end century projections, but this table includes three future time periods, to permit assessment of the rate of transition of lands
occupied by this macrogroup.

Time Period 0-20% | 20-40% | 40-60% 60-80% | 80-90% | 90-95% | 95-99% 99-100% Qgglog
1980-2010 (km?) 9,904 9,908 9,906 9,902 4,958 2,472 1,981 487 11
1980-2010 (%) 20.00 20.00 20.00 19.99 10.01 4.99 4.00 0.98 0.02
Warmer and Wetter, Lower Emissions (CNRM CM 5 RCP 4.5)
2010-2039 (%) 13.02 15.63 16.22 19.99 12.64 7.12 10.80 457 0.00
2040-2069 (%0) 11.78 12.84 13.35 21.45 13.37 7.98 13.18 6.05 0.00
2070-2099 (%) 9.33 10.14 8.86 15.76 13.93 10.31 14.83 16.56 0.28
Warmer and Wetter, Higher Emissions (CNRM CM 5 RCP 8.5)
2010-2039 (%) 12.11 15.22 14.28 20.61 12.52 8.23 11.99 5.04 0.00
2040-2069 (%) 9.43 10.60 10.39 19.46 14.19 8.99 13.93 12.92 0.09
2070-2099 (%) 2.79 3.83 7.36 16.57 8.65 7.01 11.21 31.50 11.07
Hotter and Drier, Lower Emissions (MIROC ESM RCP 4.5)
2010-2039 (%) 13.16 20.28 20.76 20.29 9.18 4.46 8.98 2.89 NA
2040-2069 (%) 9.49 15.13 19.10 24.59 13.68 8.13 8.40 1.49 NA
2070-2099 (%) 5.65 11.75 16.65 2452 13.96 10.15 12.35 4.97 0.00
Hotter and Drier, Higher Emissions (MIROC ESM RCP 8.5)
2010-2039 (%) 13.49 21.32 21.87 17.79 8.20 4.45 9.49 3.39 NA
2040-2069 (%) 6.83 12.54 16.51 23.03 15.86 9.86 12.17 3.20 0.00
2070-2099 (%) 1.99 3.22 8.82 15.91 13.95 8.96 16.04 30.59 0.53
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Spatial Disruption

To determine how the vegetation types present in macrogroup 9 would be distributed under future climate scenarios, the
current extent was first mapped along with 300 randomly selected points within the extent to be used in the species
distribution model Maxent (Figure 18). From this, a current climate suitability model could be developed showing areas
with climate suitability for the macrogroup 9 vegetation types.
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Figure 18. Map of Points Selected from the Extent of Macrogroup 9 for use in Maxent. Statewide maps showing 300 randomly selected points
pulled from the mapped extent for macrogroup 9. The points were used in the species distribution model Maxent to develop a current climate
suitability model (right panel), which can be portrayed as a range map (the green in the left panel).

Using the current climate suitability model and the future climate scenarios, the future extents for areas can be mapped to
show where the climate conditions remain suitable, are no longer suitable, and are newly suitable for the vegetation types
in macrogroup 9 (Figure 19). For the areas that remain suitable, no movement will be necessary for vegetation under
future climate conditions. Spatial disruption, or the need for vegetation types to shift their location, will be required in
areas that are newly suitable or no longer suitable. By the end of the century for macrogroup 9, between 31,301 km?
(24%) and 76,037 km? (59%) of the current extent will no longer be climatically suitable, depending on the climate
scenario. Between 51,796 km? (41%) and 96,532 km? (76%) will remain climatically suitable, and between 14,087 km?
(11%) and 43,382 km? (34%) will be newly suitable. The modeled suitability extents for each of the four climate scenarios
can be compared for the time period 2070-2099 in Table 9.
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Figure 19. Maps of the Projected Climatically Suitable Range for Macrogroup 9. Maps showing the modeled climatically suitable range for
macrogroup 9 under current time (yellow and red) and under four future scenarios (yellow and blue) for the time period 2070-2099.
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Table 9. Area of Projected Climatic Suitability for Macrogroup 9. Table showing the amount of climatically suitable area and the percentage of
climatically suitable area for species within macrogroup 9, for the four future climate scenarios for the time period 2070-2099.

No Remaining Newly | No Longer
Scenario Lo_nger Suitable Suitable Suitable R_emammg _Newly
Suitable 2 2 Suitable (%) | Suitable (%)
CNRM CM5 - RCP 4.5 31,301 96,532 14,252 24% 76% 11%
CNRM CM5 - RCP 8.5 40,551 87,282 43,382 32% 68% 34%
MIROC ESM - RCP 4.5 50,886 76,947 14,087 40% 60% 11%
MIROC ESM - RCP 8.5 76,037 51,796 35,008 59% 41% 27%
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MGO020: Macrogroup Rocky Mountain Subalpine and High Montane Conifer Forest
Common Name: Subalpine Aspen Forests and Pine Woodlands

This macrogroup represents the cold but less snowy subalpine to high montane forests of the Sierra, Cascades, Klamaths,
Transverse, and Peninsular Ranges of California. It is a wide ranging macrogroup, including similar forests and
woodlands in the Rocky Mountains, and the high mountains of the Great Basin.

The subalpine forests of the California mountains can be divided into shady concave stands, which tend to accumulate
large winter snow loads or drier, more exposed woodlands, which tend to occupy south-facing or high exposed ridges.
This macrogroup describes the latter situation. In California, it is represented by two groups, one characterized by the
subalpine pine species (Foxtail (Pinus balfouriana), white-bark (Pinus albicaulis), limber (Pinus flexilis), bristlecone
(Pinus longaeva), and Sierra lodgepole pine (Pinus contorta murrayana)), and the other by aspen (Populus tremuloides),
which tends to form expansive non-riparian stands, widespread inland in the high mountains and on mid-slopes bordering
the Great Basin, but limited to cooler riparian drainages on the west side of the mountains.

The Aspen Group matches well with the Aspen (ASP) WHR habitat. The other group within this macrogroup is the drier
subalpine forests included within the subalpine conifer (SCN) habitat, which include lodgepole, foxtail, whitebark pine,
limber, or bristle-cone pine forests; this also includes the lodgepole pine (LPN) WHR, but not red fir, mountain hemlock,
etc.

Macrogroup 20 is comprised of approximately three WHR types for which we scored four representative dominant
species. The statewide extent for the current time period cover 9,390 km? here classed according to its frequency of
occurrence in different parts of its current climate envelope, or distribution of climate conditions (Figure 20). Using the
current climate conditions for the extent of Macrogroup 20, a vegetation climate exposure analysis was developed to
indicate the portion of occupied climate conditions that occur infrequently, and represent the extreme of climate
conditions where this macrogroup occurs. The macrogroup occurring in these areas (>95% and beyond) is defined as
climatically stressed (or marginal), and is usually along the periphery of its current area. This climate envelope
classification is used to measure the changes that will occur under the various future climate projections.
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