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Agenda
• introduce Pepperwood and TBC3 

collaboration with USGS
• overview of USGS Basin 
Characterization Model

• region-scale: Climate Ready North Bay-
vulnerability assessment highlights

• parcel-scale: adaptive management 
planning-Pepperwood AMP
• other projects in play

• questions!



mission
to advance science-based conservation 

throughout our region and beyond

The Dwight Center 
for Conservation Science

3200-acre scientific preserve 
in Sonoma County

Pepperwood Foundation

Presenter
Presentation Notes
• Pepperwood accomplishes its mission using it’s 3,200 acre preserve, and a nearly 10,000 square foot classroom, laboratory and office space.





in advancing the health of Northern 
California’s land, water, and wildlife

a leader

advancing science-based 
conservation throughout our 
region and beyond

Presenter
Presentation Notes
• Pepperwood is a place where researchers and community members come together to tackle some of our greatest environmental challenges.• We are an ecology institute located on a ridgeline of the Mayacamas Mountains of northeast Santa Rosa.• Pepperwood has a 3,200 acre scientific preserve, and an office, lab, and classroom complex called the Dwight Center for Conservation Science.



Conservation Science Support
• Convene the region’s best and the brightest in 

conservation science and planning to develop 
expert knowledge-bases and forge solutions

• Generate interdisciplinary applied science 
products for application to climate adaptation

• Utilize the preserve as a long-term monitoring 
Sentinel Site

• Serve as a learning and demonstration hub for the 
entire community

• Work directly with land and water managers to 
prioritize acquisitions and stewardship



Terrestrial Biodiversity Climate Change 
Collaborative (Pepperwood’s TBC3)



Pepperwood’s 
TBC3
knowledgebase

Billions of dollars 
are being 
invested in 
securing over 
one million 
acres.

How can we 
protect the value 

of this investment 
in the face of 

climate change?

Pepperwood

Gordon and Betty Moore 
Foundation investments in blue



the question
how will a shifting climate effect the lives and 
landscapes of Northern California? 

so how can we make our watersheds and 
working lands more resilient?

take home message
our region is becoming more arid

the challenge

Presenter
Presentation Notes
• To guide our research, we need to identify the biggest challenges facing our environment today• From a conservation standpoint, climate change is the biggest threat to our landscapes and the wildlife that calls them home



Methods

a watershed model provides the 
foundation for land and water assessments

USGS California
Basin Characterization Model

(L. Flint and A. Flint, USGS, California Water Resources 
Center, Sacramento, CA)



Recharge
(alluvial valley)More permeable

bedrock

Less permeable
bedrock

Streamflow

Recharge
(mountain block)

Runoff

Seepage

Baseflow

Size of arrows reflect relative magnitude of water flow

Recharge (mountain front )

Mechanisms of groundwater recharge
• Mountain block to regional aquifer
• Mountain front recharge to alluvial aquifer
• Directly through alluvial valley where shallow water table
• Streambed losses
• May return to stream via baseflow

Basin Characterization Model
translating climate to watershed response

Evapotranspiration
(actual and potential)

Temperature and Rainfall

Evapotranspiration

Flint and Flint 2013

Runoff

Brown text is BCM input, Purple text is BCM output

Topography,  Soils, Geology

Solar radiation

270m
(18-acre)
resolution
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A major outcome is learning how our watersheds work



USGS California Basin Characterization Model: 
translating climate to watershed response

Flint and Flint 
2013

BCM methods

Flint et al 2013



Vegetation 
Cover

+
Fire Risks

Species 
DistributionsClimate

+
Topography

Watershed 
Hydrology

+
Topo-climate

TBC3 has built a climate adaptation knowledge 
base for application to regional conservation

generating an ensemble of projections for use in scenario planning
NOT predictions



BCM output: Climatic Water Deficit
Annual evaporative demand 

that exceeds available water = drought stress

Potential – Actual Evapotranspiration

Integrates climate, energy loading, drainage, and         
available soil moisture storage

Vegetation independent  (indicator)
Surrogate for irrigation demand
Generally increases with all future climate scenarios
Correlates with vegetation type and fire risk

PET

SUPPLY
DEFICIT

BCM methods



Data menu
Primary (BCM outputs):

climate and hydrology-temperature, rainfall, snowpack, runoff, recharge, 
evapo-transpiration, soil moisture, climatic water deficit

Secondary:
Fire frequency (either percent likelihood of burn or return interval)
Potential native vegetation transitions

Time scales-historical (1910-2010) and projected (2010-2100)
30-y averages
Annual data
Monthly/Seasonal data
Daily model for Russian River only

Spatial scales
Regional summaries-whole North Bay study area
County Summaries
Sub-regions-watershed, landscape unit, service area
Large parcels

BCM methods



Climate Ready
North Bay 
Serving natural resource agencies 
in Marin, Sonoma, Napa and 
Mendocino Counties (water 
agencies, park and open space 
districts, county, planners)
Funding: a Climate Ready Coastal 
Conservancy grant to Sonoma’s Regional 
Climate Protection Authority plus match 
funds from partners

Pepperwood is the lead analyst on 
vulnerability assessment with TBC3 
members from USGS, and Point Blue 
Conservation Science

Study Area



Engage managers at the outset: define key 
management questions for each jurisdiction, and 
then refine questions through process.

First meeting: based on their concerns, managers 
selected one set of climate “futures” based on 
concerns-focus on “worst case” with one “middle of 
road” and one “mitigated” for entire  North Bay 
region.

project overview

Climate Ready North Bay Process
Part 1



Climate Ready North Bay: Selected Futures for Regional Vulnerability Assessment  

selected scenario

warm wet

hot dry

hot wet

warm dry

1

2

3

1

4

6

5

table label

warm and high 
rainfall

warm and
moderate rainfall

hot and low
rainfall

warm and low
rainfall

map products in red

optimistic

mitigated low 
rainfall





Maximum summer temperature (monthly avg) (degF)
30-year average, current-1981-2010

82.2 deg F
average



86.4 average
+4.2 deg F

86.0 average
+3.8 deg F

89.2 average
+7.0 deg F

“business as usual” mid-century temperatures-30 y average



North Bay Precipitation (PPT in/y)
bounding extremes of IPCC range, 30-y average, current to mid-Century

Current 1981-2010
43” average

Projected 2040-2069
35” average

hot and 
low 
rainfall

Projected 2040-2069
54” average

projecting 19-21% less 
rainfall than 1981-2010

projecting 25-35% greater 
rainfall than 1981-2010

?

warm 
and high 
rainfall



Management Question
How is climate change projected to impact 
the variability of regional annual rainfall 
relative to the historic record?

Lake Sonoma in 
drought



North Bay Annual Rainfall Projections (2010-2099)

Pr
ec

ip
ita

tio
n

(in
/y

r)
Scenario 5

19 events >=1940
41 events >90th %
0 events <=1976
6 events <10th %

Warm, high rainfall (CNRM-CM5)

Scenario 3
5 events >=1940
19 events >90th %
0 events <=1976
10 events <10th %

Warm, moderate rainfall (CCSM-4)

Scenario 4
3 events >=1940
10 events >90th %
3 events <=1976
23 events <10th %

Warm, low rainfall (GFDL-A2)

Scenario 6
0 events >=1940
4 events >90th %
1 events <=1976
14 events <10th %

Hot, low rainfall (Miroc-ESM)

Scenario 1
5 events >=1940
13 events >90th %
0 events <=1976
18 events <10th %

Low warming, low rainfall (GFDL-B1)

Scenario 2
6 events >=1940
23 events >90th %
3 events <=1976
17 events <10th %

Low warming, moderate rainfall (PCM-A2)

North Bay Climate Ready
Regional Annual Rainfall:
Historical and Projected
(comparison of 90-year periods)

Extremes (1920-2009)
2 events >=1940

9 events >90th % (56.4in/y)*
1 events <=1976

9 events <10th % (27.1 in/y)*

* 10th and 90th percentile benchmarks based on 1920-2009 record

Presenter
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Organized by scenario #



Exceedances per decade

Scenario # Model Time Period Name
>=1940        

(69.1 in/yr)
>90th %    

(56.4 in/yr)
<10th %    

(27.1 in/yr)
<=1976      

(15.9 in/yr)
Historic & Observed Change 1920-2009 0.22 1.00 1.00 0.11

1 GFDL_B1 2010-2099 Low warming, Low rainfall 0.56 1.44 2.00 0.00
2 PCM_A2 2010-2099 Low warming, Mod rainfall 0.67 2.56 1.89 0.33
3 CCSM4_rcp85 2010-2099 Warm, Mod rainfall 0.56 2.11 1.11 0.00
4 GFDL_A2 2010-2099 Warm, Low rainfall 0.33 1.11 2.56 0.33
5 CNRM_rcp85 2010-2099 Warm, High rainfall 2.11 4.56 0.67 0.00
6 MIROC_rcp85 2010-2099 Hot, Low rainfall 0.00 0.44 1.56 0.11

Annual Peaks (floods) Annual Lows (droughts)

Climate Ready North Bay
Annual Rainfall Extremes per Decade

Frequency of extreme annual events per decade

Percent increase or decrease (projected relative to 1920-2009): 
Frequency extreme annual events per decade

* 10th and 90th percentile benchmarks based on 1920-2009 record

Scenario # Model Time Period Name
>=1940        

(69.1 in/yr)
>90th %    

(56.4 in/yr)
<10th %    

(27.1 in/yr)
<=1976      

(15.9 in/yr)
Historic & Observed Change 1920-2009

1 GFDL_B1 2010-2099 Low warming, Low rainfall 150% 44% 100% -100%
2 PCM_A2 2010-2099 Low warming, Mod rainfall 200% 156% 89% 200%
3 CCSM4_rcp85 2010-2099 Warm, Mod rainfall 150% 111% 11% -100%
4 GFDL_A2 2010-2099 Warm, Low rainfall 50% 11% 156% 200%
5 CNRM_rcp85 2010-2099 Warm, High rainfall 850% 356% -33% -100%
6 MIROC_rcp85 2010-2099 Hot, Low rainfall -100% -56% 56% 0%

Average 217% 104% 63% 17%

Annual Peaks (floods) Annual Lows (droughts)



Climate Ready North Bay: translating TBC3’s climate-
hydrology database into inputs for long-term planning

• Warmer temperatures
• Greater hydrologic variability
• Greater evapo-transpiration
• Increased water demand
• Variable runoff and groundwater 

recharge
• Shifts in natural vegetation types
• Increased wildfire risk
• (Not sea level rise!)

Source: Climate Ready North Bay 2015

Engaged agencies: Regional Climate 
Protection Authority, Sonoma County Water 
Agency, SCAPOSD, Regional Parks; Marin 
Municipal Water District, Napa County 

Case studies on CA Climate Commons
http://climate.calcommons.org/crnb/home





Basin Characterization Model: Napa Valley Watershed
Trends in 30-year average values, historic-2099

VARIABLES: Ppt=precipitation, Tmn=winter minimum temperature, Tmx=summer 
maximum temperature, CWD=climatic water deficit, Rch=recharge, Run=runoff

USGS, Point Blue, Pepperwood 2015

Projected change in temperature (Deg F) and hydrologic indicators (%)

Variable Units Current

1981-2010 2040-2069 2070-2099 2040-2069 2070-2099 2040-2069 2070-2099
Ppt in 36.4 23% 34% -3% 5% -21% -24%
Tmn Deg F 39.4 3.4 6.4 2.1 4.9 4.2 7.3
Tmx Deg F 86.5 4.4 7.4 4.0 6.6 7.3 11.5
CWD in 30.6 4% 9% 6% 10% 12% 20%
Rch in 10.6 27% 27% -1% 5% -29% -27%
Run in 7.8 67% 107% -11% 22% -44% -51%

Moderate Warming, High 
Rainfall

Moderate Warming, 
Moderate Rainfall

Hot, Low Rainfall

++
++++ ++

+++ +
+

+ +

+ + +

+

+
+

+
+

+
+

+ +

Presenter
Presentation Notes
CWD increases all scenarios-even high rainfall.  In drought scenario, recharge reduced to lesser extent than runoff.



How will the agricultural lands of the Napa 
Valley be impacted and what are the 
implications for irrigation demand and 
resultant pressures on groundwater?

Management Question



31 in/y average
(36 in/y rainfall)

34 in/y average
(29 in/y rainfall)

37 in/y average
(28 in/y rainfall)

Presenter
Presentation Notes
Stats for 6 variables plus % change for Napa Valley polygon





How will climate change impact Napa Valley 
tributaries prone to flooding?

Management Question





How will the low flow regime of the Napa River and 
its tributaries (critical to salmonid summer survival) 
be potentially impacted by climate change?

Management Question





How will the seasonality of the hydrologic cycle be 
potentially impacted by climate change?

Management Question
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Seasonal Water Diagram 1980-2009

Seasonal Water Diagram 2070-2099

1980-2009 Annual Average

PPT 25.9 in
CWD 19.8 in
AET 13.0 in
Runoff 8.2 in
Recharge 4.8 in

Recharge/runoff 0.58
Tmax 59.2 F

Tmin 41.7 F

Seasonality of Water Cycle

2070-2099 Annual Average

PPT 20.8 in
CWD 23.8 in
AET 11.1 in
Runoff 6.4 in
Recharge 3.4 in
Recharge/runoff 0.53
Tmax 63.7 F
Tmin 45.5 F

Presenter
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Water diagram



How can I get this annual and seasonal 
time series BCM data for my Bay Area 
watershed?

Management Question

BETA now available via the Climate Smart Watershed analyst 
on California Climate Commons! 

calcommons.climate.org/tbc3/ sf-bay-watershed-analyst



User 
selects a 
planning 
watershed

On-line data 
manipulation



User selects a BCM variable, temporal resolution, 
running average option, “comparison” windows



Seasonal Water Balance generated for user-selected 
comparison windows



Seasonality of selected parameter-one or multi-year 
records/projections versus reference period



Annual value histograms-historic plus 14 futures
Report 
download





How will the natural vegetation of the Napa Valley 
be potentially impacted by climate change?

Management Question



Ackerly et al 2015 - PloSOne







Projected 
Vegetation Model 
reports available 
for North Bay at

http://www.peppe
rwoodpreserve.org
/tbc3/our-
work/climate-
ready/

Or shortcut to 
Tbc3.org



How will the risk of fire in the Napa Valley be 
potentially impacted by climate change?

Management Question









What is the spatial variability in recharge 
potential for Sonoma County/Russian River 
and where are high value recharge zones?

Management Question



Warm & High Rainfall Warm & Moderate Rainfall Hot & Low Rainfall

Projected Groundwater Recharge 2040-2069

• What % of recharge is currently built out in each basin? How much 
area to protect to sustain groundwater into future?

• Prioritize conservation easements on high recharge zones?
• Analyze existing impermeable footprint and identify where could 

low impact development could help protect recharge?
• Siting studies for injection wells?

average 
12.4 in/yr

average 
10.3 in/yr

average 
7.9 in/yr

Given groundwater is more resilient than reservoir supplies, where are 
the most important groundwater recharge areas to protect?



Recharge protection for drought resilience
1981-2010

Groundwater basins

50+

45 - 50

40 - 45

35 - 40

30 - 35

25 - 30

20 - 25

17.5 - 20

15 - 17.5

12.5 - 15

10 - 12.5

7.5 - 10

5 - 7.5

2.5 - 5

< 2.5

(inches)

Santa 
Rosa 
Plain

Subbasin Units Recharge Runoff
Ukiah Valley in 36.1 18.9
East Fork Potter Valley in 15.7 12.7

Current                 
(1981-2010) Subbasin Units Recharge Runoff

Alexander Valley in 9.1 19.4
Santa Rosa Plain in 10.5 9.8
Petaluma Valley in 10.6 8.5
Sonoma Valley in 8.6 8.8

Current                 
(1981-2010)

Ukiah and Potter Valley 
Groundwater Basins

Recharge or Runoff 
for Groundwater 
Basin Watersheds



How can we compare parcel attributes of a county-
wide park portfolio to prioritize management 
planning?

Management Question



Comparing Regional Parks with conditions across
all Sonoma County watersheds



See Table in “FireRisk.xls” spreadsheet

Average 
probability 
goes up 18% 
by mid-
century

Average fire 
return interval 
goes down 
18% by mid-
century



How will the daily flows of the Russian River 
be potentially impacted by climate change?

Management Question



3-day flow exceedances of  
99.9% threshold (per decade)

19,298 cfs threshold for upper river
38,902 cfs threshold for lower river

3-day high flows for Upper and Lower Russian River
<- Historical    Future ->

PCM A2 (High Rainfall) Upper River

PCM A2 Lower River

GFDL A2 (Low Rainfall) Upper River

GFDL A2 Lower River

PCM wet model
GFDL dry model

The frequency of 3-day “very 
high flow” events are up to 3 x 
more likely to occur than they do 
currently.

2001-2015 vs 2016-2099
(exceedances per decade)

Current 
(2001-15)

Future 
(2016-99)

Current 
(2001-15)

Future 
(2016-99)

Business-as-usual
PCM A2 1.3           3.9           1.3           3.6           
GFDL A2 2.0           3.6           0.7           3.3           

Mitigated
PCM B1 4.0           4.8           3.3           4.6           
GFDL B1 2.0           3.7           1.3           3.6           

Lower River: 
Guerneville

Upper River: 
Healdsburg



Present day climate 
space analogs for end of 
century conditions 
projected for the 
Southern Mayacamas 
Mountains landscape 
unit shown in blue in 
the inset

Climate 
Analogs

Projected Vegetation Model 
reports available for North 
Bay 
www.pepperwoodpreserve.
org/tbc3/our-work/climate-
ready/

Or shortcut to 
Tbc3.org



Presenter
Presentation Notes
• Home to over 900 species of plants and animals• Including mountain lion, black bear, bobcat, fox, and most recently a badger! More on that later



Habitat Connectivity for 
Climate Adaptation

Fall 2016 launch
Continuous wildlife 
permeability surface e.g. 
Merenlender et al

Ground-truthing with wildlife 
data

Meaningful consideration of 
streams and riparian corridors

Assessment of climate 
adaptation benefits

★







Bay Area Open Space 
Council’s
www.bayarealands.org
“the CLN Explorer Tool”



Explorer tool output: 270 m resolution model



Water deficits are expected to increase by 3” to 5” per year 
across the preserve by end-of-century



Custom 
10m BCM 
CWD 
output

270 m for comparison



We intersected 
our vegetation 
map with our 
high resolution 
CWD map





Zooming in on Oak 
distributions……



Drier places Wetter places



Custom 10m 
BCM AET 
output

270 m for comparison



We can evaluate 
zones of high 
and low 
variability





Weather stations

Woody veg plots

Breeding bird survey

Grassland monitoring

Wildlife cameras

Pond and stream 
gauges

Topo-climate-variability of 
temp, rainfall and 
humidity across preserve, 
an interface of coastal-
inland meteorology

Full hydrologic cycle 
monitoring-fog drip, 
precipitation, soil 
moisture, stream flow

Dominant plant 
communities-forest and 
grassland long-term 
stations and plant 
phenology transect

Wildlife occupancy-
complemented by bird, 
herpetofauna, 
invertebrate surveys

got data?



Soil Moisture Monitoring
(headwaters of Mark West Creek)

WY2012                               WY2013                                WY2014

Normal year 
plant water use 

of soil water

Data US Geological SurveyTBC3

Presenter
Presentation Notes
Soil moisture monitoring indicated that the extended drought has dried out the soil more than in normal years.Allowed us to refine our modelThis will result in recharge if the watershed properties are right.Working closely with NOAA NWS who have installed an HMT in the Russian and where we are working on a federal MOU with NOAA and Corps to address redesigning reservoir operations to use antecedent watershed conditions to optimize forecasting and operations.



Managing Natural and Working Lands 
Other Related Projects 

• Advising BLM Ukiah Field Office on Climate Adaptation and 
Monitoring: just held science-management workshop on 
fire mitigation and forest health

• Advisors to USFS-BLM Northern California Vulnerability 
Assessment with EcoAdapt

• Working directly with land and water managers to prioritize 
acquisitions and stewardship, including Sonoma’s Venture 
Conservation (RCPP) grant

• Technical advisors with USGS to the North Coast Resource 
Partnership on climate, groundwater protection, and 
ecosystem impacts

• Creating a model Adaptive Management Plan for our 3200-
acre reserve, including conservation grazing and forest 
management

• Serving as a learning and demonstration hub on-site and 
providing outreach for the entire community



Thank you!

www.pepperwoodpreserve.org


