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Minimum Temperature

1981-2010 Average 1981-2010 Standard Deviation
degree Celsius degree Celsius
Bl s -1 0.39 - 0.48
Blo-1 0.49 - 0.53
-3 0.54 - 0.57
B a-5 ¥ 0.58 - 0.61
Be-7 W 0.62 -0.65
s -9 I 0.66 - 0.70
10 B 0.71-0.76

1-12 B 0.77 - 0.86
13-14 B 0.87 - 0.97
I 0.98 -1.20

N
0 150 300
Kilometers

Thorne et al. 2015; Flint et al. 2012, 2013



Precipitation

1981-2010 Average

1981-2010 Standard Deviation

Kilometers

mm

68 - 236

237 - 406

407 - 581
I 582-783
I 784 - 1020
B 1021 - 1278
B 1279 - 1594
B 1595 - 2033
B 2034 - 2705
B 2706 - 3737

mm

39 -81

82-118

119 - 162
163 -211
212 - 269
B 270 - 337
B 338 - 413
B 414 - 500
B 501 -610
B 611 - 867




Minimum Temperature

degree Celsius|
0.6-0.0
01-0.6
0.7 -1.2
13-18
19-24
25-3.0
P 31-36
Bl -42
Bl 43-48
Bl 49 -54

i>z

0 150
Kilometers

Historic: 1951-1980 to 1981-2010

GFDL A2: 1981-2010 to 2070-2099

PCM A2: 1981-2010 to 2070-2099

Precipitation

mm

B 529 - -300

I 299 - -200
199 - -150
-149 - -100
99 - -50
49 -0
1-50
51-100

I 101 - 150

I 151 - 200

I 201 - 250

i>z

0 150
Kilometers

Historic: 1951-1980 to 1981-2010

GFDL A2: 1981-2010 to 2070-2099

PCM A2: 1981-2010 to 2070-2099




Climatic Water Deficit

1981-2010 Average

1981-2010 Standard Deviation

Kilometers

mm

B - 233
B 284 - 434
B 435 -559
I 560 - 683

[ 684-813
814 - 937

938 - 1062
. 1063 - 1198
P 1199 - 1339
I 1340 - 1519

mm
I o-40
B 41-70
B 71 -80
P 81 -88
[ 89-95
96 - 104
105 - 114
. 115-125
P 126 - 140
B 141 - 182




Climatic Water Deficit

mm

B -34.2--17.0
-16.9-0.0
0.1 -40.0
40.1-80.0
80.1-120.0

[ 120.1 -160.0
I 160.1 - 200.0
I 200.1 - 280.0
I 230.1 - 360.0

i>z

0 150
Kilometers

A Y

GFDL A2: 1981-2010 to 2070-2099

PCM A2: 1981-2010 to 2070-2099

Historic: 1951-1980 to 1981-2010




Watersheds with the Highest Change Index

B HST, 2 Futures
HST, 1 Future

HST only
B Not HST, 2 Futures
Not HST, 1 Future

150
Kilometers




The PAST

The Wieslander VTM Project

e Conducted in the 1930s

» Basis for much of current
understanding of California
Vegetation

 Mapped 1/3 of the state

e 16,000 vegetation plots

* Over 3000 photographs

Kilometers

VTM Progress Map

B Attributed
|: Complete
- Tiles reg

- Untouched

VVTM Plots




VTM-FIA data have been used
for:

Assessing changes in composition
and structure

Exploring environmental drivers
of change

Exploring integration of plots
and maps
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Atrees / ha
500 0

1000

Small & med. trees (<61 cm dbh)

S E—— |
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Change in water deficit (mm)
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50
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.50

-150

0
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(C)

A CWD (mm)
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Change in climatic water deficit since 1930’s

Change in /arge trees

Mcintyre et al. 2015
PNAS
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Winter Minimum Temperature Difference - Dec, Jan, F Winter Freeze Line - Dec, Jan and Feb
Difference = Tmin 1993 - Tmin 1920* Companjlng M|n|mum Temperatures Between 1920 and 1993

S
i

FJ—

I- Min Temp Below 0 C

Sl 1920 & 1993
[ Yosemite NP { | Min Temp 1920 Below
B Lke Tahoe 0 C 1993 Above 0 C

o— {l Min Temp Above 0 C
O i 3.5 1920 & 1993

o= Yosemite National Park
[ | County

Low :-3.3 .

— —— Highway Miles

*1920 data is the average between 1900-1940; 1993 data is the average between 1980-2006



whitebark pine; 3300 m
(10,860 ft)

Ikodgepolé/whitebark
pine; 3000 m(9,820:ft)
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(Dolanc et al. 2013 Global

Size-Class (cm dbh) _
Ecology and Biogeography)

Change in stand structure of subalpine forests (1934 to 2007) for
all species, all plots (n = 139):
Many more small trees; fewer large trees
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Study Area
Central &
Northern
Sierra

Analytical framework
development

E Eldorado County
- VTM area
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Historic WHR Types
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Bay Area

Sacramento

5
D Wieslander Study Area
I urban Extent, Historic
[ urban Extent, Modern
B urban Extent, 2050

i | Working Landscape, Historic

San (]
Francisco

Pacific Ocean

10 5 0 10 Miles

o

Historic Extents

Urban 392 km?
Working Landscapes 4771 km?

Current Extents

Urban 2258 km?
Working Landscapes 2981 km?

Future Extents

Urban +61 km?
Working Landscapes -36 km?



US Drought Monitor

1 - Moderate Drought
- Severe Drought
[ 3-Extreme Drought

[ 4-Exceptional Drought
1 Flown Area

%‘ | Summary USFS April 21 2015 Aerial
Survey




A8 F Mortality Severity
& i;f_—” #Trees per Acre Area surveyed: 4.1 million acres
\ Py L Areas with mortality: 835,000 acres
“\S\fff-”e'-' S L 6- <10 Estimated number of trees killed:
j‘i i 10,450,000
\}-.g*u" ; R 3, : - »15
s \‘x g - Non-Martality Damage

Overview of flown area and mapped tree
mortality and damage.

Jeffrey Moore (email:

- T LT i |lwmoore02@fs.fed.us phone: 530-759-
d = e | 11753)

% |, % Lancaster® |
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Sacramento

Tree Canopy Cover
| Low (<10%)

| | Medium (10-20%)

B High (>20%)

Percent tree canopy cover within California urban areas (map).



Biomass {tnns]'

High : 25.5
_—

Low: 0

Major Road

i
0 100 200

Northern Los Angeles Basin

Estimated biomass (tons/grid cell) within California urban areas (map).
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e e
0 100 200

Northern Los Angeles Basin

Estimated CO, stored (tons/grid cell) within California urban areas (map).
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The Future

Species Distribution Models (Range Dynamics) /7
Species Demographic Dispersal Models (BioMove)
Dynamic Vegetation Models (MCII) ‘
Site-based Exposure Assessments
Vulnerability Models

Sensitivity

Adaptive Capacity

Exposure

Range Dynamics

Hannah et al. 2008

Y Shaw et al. 2011
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oy ot 00 0 o Vegetation Exposure to Climate Change

Multivariate analysis: L =
Central (<66%);
cwd subl = and
e e Outside (>991%
i
| i 2 1971 - 2000 2010 - 2039
T T :|. I T i ‘D‘ = -
4 2 ] 2 4 g o« : 5 |_\.
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2010 - 2039 2070 - 2099
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Climate Change Projections for California
2070-2099 relative to 1981-2010 (rcp8.5)

GCM
) @ () 1=access1 0
g 50% - | () 2=canesm2
b= 3 = ccsmé
5 CNRM CM ®:-
g_ 3 o O 4 = cesm1_bgc
D () 5=cmcc_cm
o QO :
a o ) . 6 =cnrm_cmb
GJ -
g g . 7 = gfdl_cm3
9 ) |8 = hadgem2_cc
2 0 S I I N N b L™ () 9=hadgem2_es
=L T . = ensemble mean
O o=:_’1':- :
) ® .""“"“’ 11 = miroc_esm (new GCM added April 2015)
T 12 = gfdl_esm2m (added April 2015)
I Post Processing
I I ]
0 2 4 6

Projected minimum air
temperature change (° C)



Minimum Temperature

Degree Celsius

Bl<-5 |5-10
P s5-20 110-15
[ 1-2-2 1 >15
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CMCC-CM
RCP 8.5 *
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Early Exposure
| Late Refugia
GFDL

- Early Exposure
i - Late Refugia &g . T e — 7 A
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Rim Fire Boundary.
Green — places that remain within bioclimatic envelope at end of century.
Red: places that fall outside of bioclimatic envelope by 2040



" Early Exposure
Late Refugia
GFDL & PCM agree
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A few comments on indicators for plants & vegetation

Active management of natural lands means there are few areas in which
observed landscape-level dynamics will be purely due to climate.

Active management can represent experimental treatments that could be evaluated
from a climate change perspective.

Differences in carbon sequestration and retention potential on natural lands is
already driving different practices in various places around California.

As downscaled CMIP5 GCMs apparently have more complex spatial patterns for
California, it is critical to be explicit about those, and to use consistent models for
future forecasts across fields.

Integration of remote sensing with spatially explicit models and ground data is a
promising prospect for better understanding vegetation response to climate change.

Ecotone Dynamics; Species Turnover, Demographics; Composition; and Phenology!
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Thank You

2 USGS
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