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This Talk:

1. Evaluation of data and climate
change models

2. 3 approaches used:
Sensitivity and Adaptive Capacity
Climate Exposure
Spatial Disruption (Species
Distribution Modeling)

3. Vulnerability Assessments

g 4. Applications of the analysis:
| A. Implications of Vegetation
Santa Ba rhara A \ .
- wmwnu Climate Exposure
® ) B. Climate Exposure Through Time
| C. Climate Refugia and Areas of
SO Stress
J D. Restoration After Wildfire
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Goals of the report

All steps should be transparent, assumptions explicit.
Replicable results.

Vulnerability rankings are meant to be cross-comparable, so
detailed work on particular vegetation types may provide more
insights for that type but is not included in this study.

Provide geospatial results that can be used resource planning,
management, and incorporated
into other studies.



Evaluation of data and climate change models

Current Mean Annual Precipitation
1981-2010 Standard Deviation

1981-2010 Average

Kilometers

mm
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B 1021 - 1278
B 1279 - 1594
B 1595 - 2033
I 2034 - 2705
B 2706 - 3737

mm
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B 270 - 337
B 338 - 413
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I 501 - 610
I 611 - 867




Future Mean Annual Precipitation 2100
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. Evaluation of data and climate change models

Current Mean Annual Minimum Temperature

1981-2010 Average

1981-2010 Standard Deviation

degree Celsius
Bl 6 -1

M o-
2
-
-
s -
10
11 -12
13-14

O N W=

A

Kilometers

degree Celsius

0.39 -

0.49 -

0.54 -
P 0.58 -
P o.62 -
I o0.66 -
B 0.71
B 0.77 -
I 0.87 -
I 0.9 -

0.48
0.53
0.57
0.61
0.65
0.70

-0.76

0.86
0.97
1.20

Thorne et al. 2015




Future Mean Annual Minimum Temperature

150
Kilometers %

Historic: 1951-1980 to 1981-2010 GFDL A2: 1981-2010 to 2070-2099 PCM A2: 1981-2010 to 2070-2099
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COeq. (ppm)

AR5 global warming increase (°C) projections.

Concentration - CO,-eq. (incl. all forcing agents)
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1.3 (0.8 to 1.8)
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AR5 global warming increase (°C) projections[5]

2081-2100

Mean and
likely range

1.0 (0.3 to 1.7)
1.8 (1.1 to 2.6)
2.2 (1.4t03.1)
3.7 (2.6 to 4.8)



Evaluation of data and climate change models

GCMs and RCPs, the current language of climate modelers

Climate Change Projections for California
2070-2099 relative to 1981-2010 (rcp4.5)

50% -

GCM

1 =access1_0
2 = canesm?2
o & 3 = ccsmé
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~ . 6 = cnrm_cm5
7 = gfdl_cm3
8 = gfdl_esm2m
o8 9 = hadgem2_cc
10 10 = hadgem2_es

8
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Evaluation of data and climate change models

Climate Change Projections for California
2070-2099 relative to 1981-2010 (rcp8.5)
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Evaluation of data and climate change models

Climate Change Projections for California Climate Change Projections for California
2070-2099 relative to 1981-2010 (rcp4.5) 2070-2099 relative to 1981-2010 (rcp8.5)
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2. Analysis of Vegetation
Climate Exposure

2015 Vegetation Map
.|.

Maps of Climate Change

Combine the most recent vegetation
map of California with climate data.

This allows leverage of as much as we
know about the distribution of the
vegetation.

FRAP 2015 map
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MacroVeg Type

101. Alpine
Vegetation

25. Northwest
Subapline Forest

20. Subalpine
Aspen Forests

50. North Coast
Deciduous Scrub
and Terrace
Prairie

58. Coastal Dune
and BIluff Scrub

and Pine 88. Mojave and
Woodlands Sonoran Desert
24. Pacific Scrub

B Northwest Conifer 92. Desert Wash
Forests Woodland and

Scrub

117. Sparsley
Vegetated Desert
Dune

93. Shadscale-
Saltbush Scrub

96. Big
Sagebrush Scrub

26. Great Basin
Pifiyon-Juniper
Woodland

97. Great Basin
Dwarf Sagebrush
Scrub

98. Great Basin
Upland Scrub

]
48. Western
- Upland

Grasslands

23. North Coastal
Mixed Evergreen
and Montane
Conifer Forests

9. California
Foothill and Valley
Forest and
Woodlands

45. California
Grasslands and
Flowerfields

- 43. Chaparral
- 52. Montane

Chaparral

44. Coastal Sage
Scrub

110. Foothill,
Alpine and
Coastal Rock
Qutcrop

114. Northwest
Coast CIiff and
Outcrop

36. American
Southwestern
Riparian Forest
and Woodland

34. North Coastal
and Montane
Riparian Forest
and Woodland

47 . Mountain
Riparian Scrub
and Wet Meadow

73. Freshwater
Marsh

106. Brackish
(Estuarine)
Submerged
Aquatic
Vegetation

75. Wet Mountain
Meadow

B 81. Salt Marsh

27. Non-Native
Forest and
Woodlands

- Urban and
Agriculture




2. Approaches Used

Vulnerability = Climate Exposure
+ Sensitivity
+ Adaptive Capacity
+ Spatial Disruption (Species Distribution Models)



2. Approaches Used
Six sensitivity scores

Sensitivity to Temperature
Sensitivity to Precipitation
Fire Sensitivity
Germination Agents
Mode(s) of dispersal
Reproductive lifespan

Three adaptive capacity Scores
Adaptive capacity to fire
Mode and level of recruitment

Seed longevity

~120 Species Scored



Macrogroup 45, Macrogroup California Annual and Perennial Grassland
California Name: California Grassland and Flowerfields Grasslands

. : : Species
Sensitivity Adaptive Capacity Score
: Climate | Climate |JFi ermination | Mode Reproductive | _. Recruitment Seed
Species Temp | Precip itivi \gents Dispersal | Lifespan Fire | Moae Longevity
[Fecundity
Avena &
Bromus 4 2 3 5 2 1 5 3 3.2
genera
Nassella 43 3 3 2| 5 : 1] 33

T 4 3 3 3 2 1 3 5 2.8
californica
Amsn.]ck.l.a A 3 3 9 ) 1 3 3 2.4
menziesii
Plagiobothrys 4 3 3 ) 5 1 3 3 24
nothofulvus
Mean 4.00 2.83 . 3.00 3.00 2.00 | 1.67 4.00 2.67
Grand Mean 2.81 Mean | 2.83 Mean | 2.78




Species
Sensitivity And Adaptive Capacity Score
Species Climate Climate Fire Germination Mode Reproductive Fire Recruitment Seed
P Temp Precip Sensitivity Agents Dispersal Lifespan Mode /Fecundity | Longevity
Hardwoods
Quercus
agrifolia 3 3 5 3 2 4 5 3 1 3.2
Quercus
englemannii 3 3 4 3 2 3 5 1 1 2.8
Quercus
.. 4 4 3 3 2 4 3 1 1 2.8
douglasii
Pinus . 4 3 2 4 5 3 1 4 4 3.3
sabiniana
Quercus 3 3 4 3 2 5 5 3 1 32
chrysolepis
Quercus lobata 3 3 5 3 5 5 5 1 1 31
Quercus 4 3 4 3 2 3 5 4 1 3.2
wislizeni
Mean 3.43 3.14 3.86 3.14 243 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 34
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
dca'ocedrus 3 3 5 2 3 5 1 5 1 3.1
ecurrens
Abies concolor 5 5 5 5 4 5 1 5 1 57
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 312




Water Balance

Water Supply

Basin Characterization Model 2. Approaches Used

Snow Module Climate Inputs

Energy Balance

Solarradiation

h 4

Potential
evapotranspiration

Vegetation and
+ Landscape

Sublimation Precipitation
. < Airtemperature >
accumulation P [
|
A 4 \d
Snowmelt )
| Watershed available
"l water(excess waten
Soil profile
é 100% | Total Soil Porcsity-vSO—TD‘”foﬂ______h 0
m
5 Soil
§ 10-60% / Field Capacity 10.01 MPa,-100cm
=2 =
z Plantavailable =
@ water ]
5 _2:20% WiltingPoint ¥ 6 MPa, -600 cm c
[=
S _o% 11,000MPa,-100km &
5 =
= 3
%
wy
Yy
Recharge
Runoff >

Basin discharge

Y

Actual
evapotranspiration

A J

h 4

Climatic water
deficit (PET-AET)

Flint & Flint 2012
Flint et al. 2014



9 Va ria bles 2. Approaches Used

Snow Module Clj ts Energy Balance
Sublimation Precipitation Solarradiation
Snow - Potential
accumulation AT LG evapotranspiration
Snowmelt
| Watershed available
"l water(excess waten
Vegetation and
' pe
Soil profile Actual
Water Balance evapotranspiration

é 100% | Total Sail Pcrcstty-SU-TD"/af________‘ 0
8=
§ 10-60% /  Field Capacity o +0.01 MPa,-100cm
2 Plant available £
L water 2
5 _220% WiltingPoint ¥ 6 MPa, -600 cm c
8 _o% 1,000 MPa, -100km §
e | S 3
% Open Climatic water
b I thee deficit (PET-AET)

Basin discharge Flint & Flint 2012
Flint et al. 2014




2. Approaches Used -Vegetation Climate Exposure }‘

9 variables from 30-year
current climate conditions

Are put into a Principle
Components Analysis (PCA)

0.5 0.0 0.5

1.0

pC2

1.0

0.5

0.0

-0.5



2. Analysis of Vegetation Climate Exposure

I E— Kilometers

0 100 200
N
Miles
0 100 200
Levelof Exposure: W [ [ 1 [ ] [ 1 [0 1d N

-100% 95-99% 90-95% 80 - 90% 60 - 80% 40 - 60% < 40% Non-Analog
N |

Current Time Climate
Classification (1981-
2010) for the
Vegetation Type Pine
OF]

PC1

Climate Envelop for all of California



2. Analysis of Vegetation Climate Exposure
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Current Time Climate

Level of Exposure

B s5-100% Classification (1981-
- :::: 2010) for all
80/=90% Types of Vegetation
60 - 80%
| 40 - 60%

B < 40%




Lower Emissions Higher Emissions

Warm and Wet

Hot and Dry

Level of Exposure:

1 CJ E .
80 - 90% 60 - 80% 40 - 60% < 40%

Bl B [
99-100% 95-99% 90-95%

- Non-Analog

Warm and Wet

Hot and Dry

Lower Emissions Higher Emissions




Warm and Wet

Y

Hot and Dry

Lower Emissions Higher Emissions 2. Approaches Used

Level of Exposure:

1 1 E .
80 - 90% 60 - 80% 40 - 60% < 40%

Bl B [
99-100% 95-99% 90-95%

.
. Non-Analog




Approaches Used

The 3" Approach — Spatial Disruption
Macrogroup Californian-Vancouverian Montane and Foothill Forest

Common Name: North Coastal Mixed Evergreen and Montane Conifer
Forests

N

A

e s Kilometers
0 100 200

N
Miles
0 100 200

Level of Exposure: [l — — O = =m .
< 40% 40 - 60% 60 - 80% 80 - 90% 90-95% 95-99% 99-100% Non-Analog
L




. . . . Approaches Used
Species Distribution

Models Location of Occurrence Records

T 0
-"l - ‘..' L= ...:ll

® predicted distribution

300 randomly selected ® occumences records

Locations for each MG
Same climate variables
MAXENT model

Model Current and .
Future Climate Suitability =

Ratio of Current Range
and Current Range Lost

08

0.6

0.4

0.2




MG 23 -Maps of the Projected
Climatically Suitable Range

Maps showing the modeled
climatically suitable range

Current time
(yellow and red)

Four future scenarios
(yellow and blue)

for the time period 2070-2099.

Warm and Wet

Hot and Dry

Lower Emissions Higher Emissions

[ ] Newly Suitable B No Longer Suitable ] Remaining Suitable



Warm and Wet

Lower Emissions

Higher Emissions

Hot and Dry

Spatial Disruption
(Species Distribution Models)

- Newly Suitable - No Longer Suitable

D Remaining Suitable

4. Applications of the analysis



3. Vulnerability Assessment

16 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.

Traits of dominant plant species comprising the vegetation community types have
different levels of sensitivity and adaptive capacity to changing climate.

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.

Emissions pathways have a much greater impact on vegetation than S & A scores.

This study did not include extremes and indirect effects (catalysts for vegetation change)
or other human activities. Therefore, results conservative.

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.



Warm and Wet

Hot and Dry

Lower Emissions Higher Emissions

Vulnerability Rank:

Bl High

] Mid-High

B Moderate

B Low



4. Applications of the analysis
MIROC 8.5 MIROC 4.5 CNRM 8.5 o CNRM 4.5 Current

Total
Natural | km? | % | km* | %
Lands 282617 17664

353,271 Not Stressed (<80%) by
km? 2100 Stressed (>95%) by 2100

CNRM 4.5 | -112,101 79,227
CNRM 8.5 | -188,033 178,962




4 Applications: Through Time Blue Oak

Woodlands
Current Time
Classification

non-analog B5%
99% 50%
= 99% 5o,

95% 45%
80% 40%
B5% 35%
80% 30%
75% 25%
T0% 20%
65% 15%
B0% 10%

4. Applications of the analysis




Warm and Wet

Hot and Dry

_Lower Emissions Higher Emissions

" ,ﬁ - | — Blue Oak
~ # Woodlands
2010 - 2039

non-analog B5%%
89% 50%
- = 90% 5%,
v.};\ - 895% 45%
TN - 90% 4094
- 85% 35%
80% 30%
75% 25%
T0% 20%:
B5% 15%
B60% 10%

L 4. Applications of the analysis




Warm and Wet

Hot and Dry

Lower Emissions Higher Emissions

1] =1 [

Blue Oak
Woodlands
2040 - 2069

non-analog B5%%
89% 50%
= 99% 5o,

95% 45%
80% 40%
B5% 35%

80% 30%

75% 25%

0% 20%%

B5% 15%,

60% 10%

4. Applications of the analysis




Warm and Wet

Hot and Dry

ivier_Emissions iiglEEEmissions Blue Oak

-
Woodlands
2070 - 2099

non-analog B5%%
89% 50%
= 99% 5o,

95% 45%
80% 40%
B5% 35%
80% 30%
75% 25%
T0% 209
B5% 15%
B0% 10%

. I 4. Applications of the analysis




: ) Climate Refugia and Areas of Stress
Refugia and High Exposure Zones
I:] Less than 80%

|:| Greater than 95%

I:l Non Analog

Climate Model Agreement

Less than 80%

Greater than 95%

Non Analog

e

MIROC 8.5

-

CNRM 8.5

e \lileS
0 100 200 0

4. Applications of the analysis



Climate Refugia and Areas of Stress

Faster — B
Hotter/drier
Stasis I

Climate Stress
Zones




Restoration after Wildfire

Early Exposure
Late Refugia
GFDL

b - Early Exposure
: - Late Refugia 4/ : - S
[ ] Botn o~ T2 4 Miles o

L 0 S P

Green — places that remain within bioclimatic envelope at end of century.
Red: places that fall outside of bioclimatic envelope by 2040 4. Applications of the analysis



Early Exposure
Late Refugia
PCM

- Early Exposure

A

I Both b Y522 4 Miles

4. Applications of the analysis




" Early Exposure
Late Refugia
GFDL & PCM agree

- Early Exposure

I Both b Y522 4 Miles

4. Applications of the analysis
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Macro- Area
group Common Name Macrogroup Name Mapped
Number Km?
California Foothill and
9|Valley Forests and California Forest and Woodland 49,765
Woodlands
20 Subalpine Aspen Forests & [Rocky Mountain Subalpine and High Montane 9.427
Pine Woodlands Conifer Forest ’
North Coastal Mixed : . . :
23|Evergreen and Montane Californian-Vancouverian Montane and Foothill 53 427
: Forest
Conifer Forests
24 Pacific Northwest Conifer Vancouverian Rainforest 4,512
Forests
25 Pacific Northwest Subalpine Vancouverian Subalpine Forest 1,010
Forest
26 Great Basin Pinyon-Juniper Intermountain Basins Pinyon-Juniper Woodland 11,148
Woodland
Non-Native Forest and Introduced NA Mediterranean Woodland and
27 228
Woodlands Forest
North Coastal Riparian and |Vancouverian flooded and Swamp Forest
34|Montane Riparian Forest [Formerly Macrogroup Western Cordilleran 1,204
and Woodland Montane—Boreal Riparian Scrub and Forest]
American Southwest
36(Riparian Forest and Warm Southwest Riparian Forest 1,862
Woodland
43|Chaparral California Chaparral 27,259




Macro- Area
group Common Name Macrogroup Name Mapped
Number Km?2

44|Coastal Sage Scrub California Coastal Scrub 7,868

45 Cahforrya Grassland and California Annual and Perennial Grassland 45,229
Flowerfields

50 North Coast Deciduous Vancouverian Lowland Grassland and 1518
Scrub and Terrace Prairie |Shrubland ’

52(Montane Chaparral Cool Interior Chaparral 6,281

58 Coastal Dune and Bluff Vancouverian Coastal Dune and Bluff 414
Scrub

73|Freshwater Marsh Western North American Freshwater Marsh 1,329

25\Wet Mountain Meadow Western North America Wet Meadow and Low o1

Shrub Carr

81|Salt Marsh Meadows North American Pacific Coastal Salt Marsh 441

88 Mojave and Sonoran Mojavean—-Sonoran Desert Scrub 83,268
Desert Scrub

92 Desert Wash Woodland North American Warm-Desert Xero-Riparian 3,794
and Scrub

93|Shadscale-Saltbush Scrub |Great Basin Saltbush Scrub Macrogroup 7,776

96|Big Sagebrush Scrub Western North America Tall Sage Shrubland 16,181

and Steppe




Macro-group

Common Name

Macrogroup Name

Area Mapped Km?

Number
: Western North America
97 Great Basin Dwart Dwarf Sage Shrubland 3,014
Sagebrush Scrub
and Steppe
08 Great Basin Upland  |Inter-Mountain Dry 1673
Scrub Shrubland and Grassland ’
Vancouverian Alpine
101|Alpine Vegetation Scrub, Forb Meadow, 513
and Grassland
Brackish (Estuarine) -
106{Submerged Aquatic Tempe_:rate Pacific 26
) Intertidal Shore
Vegetation
California Foothill California CIiff, Scree,
110{and Coastal Rock and Other Rock 6,355
Outcrop Vegetation  |Vegetation
... |Vancouverian CIiff,
114 Northwest Coast Cliff Scree, and Other Rock 590
and Outcrop .
Vegetation
North American Warm
117 Sparsely Vegetated Semi-Desert CIiff, Scree, 5 609

Desert Dune

and Other Rock
Vegetation
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