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Annual Average Precipitation and Temperature for California



Weather Stations
10 yr
moving
average

Feet       Years

Placerville       2000 53

Yosemite V.   4000 94

Tahoe City     6000 93

What mechanism causes 
recruitment limitation?
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Rate 0.0420 C/yr
R2= 0.75 P<0.001
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Tahoe Rate
0.0440 C/yr
R2= 0.96  P<0.001



Study Area
Central &
Northern
Sierra





Ponderosa
Pine 
Transition

Lower Edge



Well, how about the future?

Climate Change Models



Evaluation of data and climate change models

AR5 global warming increase (°C) projections

2046-2065 2081-2100

Scenario
Mean and
likely range

Mean and
likely range

RCP2.6 1.0 (0.4 to 1.6) 1.0 (0.3 to 1.7)

RCP4.5 1.4 (0.9 to 2.0) 1.8 (1.1 to 2.6)

RCP6.0 1.3 (0.8 to 1.8) 2.2 (1.4 to 3.1)

RCP8.5 2.0 (1.4 to 2.6) 3.7 (2.6 to 4.8)



Snow Module Climate Inputs Energy Balance

Water Balance

Vegetation and 
Landscape

Water Supply

9 Variables 2. Approaches Used

Basin 
Characterization 
Model











• Conception: Filling an information 
gap

• CA state funding, to inform the 
State Wildlife Action Plan 2015 
revision

Where will things persist?



Using Vegetation Maps to 
Visualize Climate Risk

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

2015 Vegetation Map
+

Maps of Climate Change



Climate Envelop for all of 
California

Grasslands in Climate 2D

Current Time Climate 
Classification (1981-

2010) for the 
Vegetation Type Pine 

Oak

3. Analysis of Vegetation 
Climate Exposure





Current Time Climate 
Classification (1981-

2010) for all
Types of Vegetation
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Climate Refugia

Restoration

Examples of how the framework can be used























Thank you!

Jim Thorne
jhthorne@ucdavis.edu

mailto:jhthorne@ucdavis.edu


Climate Resilience Planning for Key Sacramento River Watersheds

Jim Thorne                                    September 18 2019



But we gotta do something!



Legacy Inventories – thoughts on collections



Applications of the collection



Applications of the collection



Ponderosa western extent 1850- Wieslander Report

Applications of the collection



Ponderosa Western Extent 1934- Wieslander

Applications of the collection



Ponderosa Western Extent 1996 - CalVeg

How to quantify this mess?

Applications of the collection



Applications of the collection



The 1934 Edge
Defined as 75% forest
and adding any polygons
that attached to the edge

Applications of the collection



1850 Boundary

1934 Boundary

1996 Boundary

Applications of the collection



VIDEO: Mapping Change in Sierra Nevada Forests
2D on vimeo: http://vimeo.com/41524838
3D on youtube: http://www.youtube.com/watch?v=ZGo-vI4Ey44



Green – places that remain within bioclimatic envelope at end of century.
Red: places that fall outside of bioclimatic envelope by 2040

Applications C. Restoration after Wildfire





























Sensitivity And Adaptive Capacity 

Species

Climate 

Temp

Climate 

Precip Fire

Germination 

 Agents

Mode 

Dispersal

Reprodu

ctive 

Lifespan Fire

Recruitment 

 Mode 

/Fecundity

Seed 

Longevity

Species 

 Score

Quercus agrifolia 3 3 5 3 2 4 5 1 3.2

Quercus 

englemannii 3 3 4 3 2 3 5 1 2.8

Quercus douglasii 4 4 3 3 2 4 3 1 2.8

Pinus sabiniana* 4 3 2 4 5 3 1 4 3.3

Quercus 

chrysolepis 3 3 4 3 2 5 5 1 3.2

Quercus lobata 3 3 5 3 2 5 5 1 3.1

Quercus wislizeni 4 3 4 3 2 3 5 1 3.2

Mean 3.43 3.14 3.9 3.14 2.43 3.86 4.1 1.43

Mean 3.31 2.67

Pinus radiata 3 3 1 4 3 3 5 5 3.4

Juniperus 

californica 3 3 1 2 2 3 5 2 2.6

Pinus attenuata 4 3 1 4 5 2 5 5 3.7

Pinus ponderosa 3 3 5 2 4 5 4 1 3.4

Calocedrus 

decurrens 3 3 5 2 3 5 1 1 3.1

Abies concolor 2 2 2 2 4 5 1 1 2.7

Mean 3 2.83 2.5 2.67 3.5 3.83 3.5 2.5

Mean 3.06 3.33

Sensitivity Adaptive Capacity

Hardwoods

Conifers


