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Project Context: 
Making good on 
NBWA’s early 
investment in climate 
adaptation planning



Project Context: 
Regional Water Management

• DWR’s IRWMP Guidelines: “address the effects of 
climate change on the region,” adapt “to changes 
in the amount, intensity, duration, timing, and 
quality of runoff and recharge,” “address sea level 
rise”

• 2013 SFBIRWMP Climate Change chapter: 
averaged 6 GCMs, gave Bay-wide average results, 
3 outputs: air temperature, annual and seasonal 
rainfall, and sea-level rise. So… “Total 
precipitation is not projected to change 
significantly” 



Project Context:
More from 2013 SFIRWMP Plan

• “…there is relatively little information that presents specific 
tools for how to apply impacts in the context of addressing 
climate change impacts on water resources.” BETTER

• “…far less information is available on subregional or local 
geographic areas because the spatial resolution of the 
existing climate change models is still quite low.” FIXED

• “…precipitation projections cannot be easily converted 
directly into surface runoff and groundwater recharge to 
connect changes with local water resources planning 
activities.” FIXED

• Good performance metrics. Good recommendations for 
informing better vulnerability assessments.

• BCM data is available statewide and could be used in the 
next IRWM Plan update.



Climate Ready North Bay: translating a landscape-level 
climate-hydrology database into inputs for long-term planning

• Warmer temperatures

• Greater hydrologic 
variability

• Greater evapotranspiration

• Increased water demand

• Variable runoff and 
recharge

• Shifts in natural vegetation 
types

• Increased wildfire risk

• (Not sea level rise!)



Leading Regional Research

Flint & Flint

Moritz
Ackerly



Project Context: Timeline
• USGS Basin Characterization Model, UCB vegetation 

response, UCD fire frequency. 2012-current.
• Climate Ready North Bay phase 1. 2014-2016. Funding: Coastal 

Conservancy, So Co Water Agency, MMWD, Napa County, Gordon & Betty Moore 
Foundation. Team:

– Sonoma County Water Agency
– Marin Municipal Water District
– Napa County planning, flood control
– Sonoma County parks and open space agencies
– Sonoma County Regional Climate Protection Authority

• Climate Ready North Bay phase 2. 2016. Funding: North Bay 
Watershed Association, Community Foundation Sonoma County.

– Working Session 1, July 2016: understand information resource, 
identify management questions

– Working Session 2, September 2016: in each “watershed,” apply 
findings/tools to management questions

• Challenge: connect tools with users, answer new questions



Climate Ready North Bay
Phase 1



Study Area
North Bay 
Climate 
Ready
Phase 1
Serving natural 
resource agencies in 
Marin, Sonoma, Napa 
and Mendocino 
Counties



North Bay Climate Ready: Selected Futures for Regional Vulnerability Assessment  
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map products in red, daily products available for Russian River basin only 

low warming, 
low rainfall

low warming, 
moderate rainfall

monthly and daily



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 to water table
• Streambed losses
• May return to stream via baseflow

Basin Characterization Model
translating climate to watershed response

Evapo-transpiration
(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



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
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DEFICIT

BCM methods
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Climate Ready data menu

Primary BCM outputs:

Temperature Rainfall Runoff Groundwater recharge
Evapotranspiration Soil moisture Climatic water deficit

Secondary variables:

Fire frequency (% annual likelihood of fire, or annual return interval)

Potential native vegetation transitions

Time scales: historical (1910-2010) and projected (2010-2100)

30-yr average, annual, or monthly/seasonal

Spatial scales:

Regional: North Bay watersheds plus Russian River

Sub-regional: watershed, landscape unit, service area

County Large parcels



Vegetation 

Cover

+

Fire Risks

Species 

Distributions
Climate

+

Topography

Watershed 

Hydrology

+

Topo-climate

A climate adaptation knowledge base for application 
to North Bay watersheds

generating an ensemble of projections for use in scenario planning



Caveats

• All climate models equally likely

• Dealing with uncertainty and multiple 
scenarios

• Calls for real-time empirical monitoring

• Spatial resolution (270 m, 18 ac): best for 
subwatersheds or parcels ~ 100s of acres

• Temporal resolution: limitations



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



89.4 average
+7.2 deg F

88.5 average
+6.3 deg F

93.4 average
+11.2 deg F

“business as usual” end of century temperatures- 30 y average



North Bay Annual Rainfall Projections (2010-2099)
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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



Three-day Heat Waves
Santa Rosa Plain

# of events Tmax Tmin

1981-2010 26 95.7 93.4

2010-2039 39 96.5 93.3

2040-2069 55 96.4 93.5

2070-2099 148 97.3 93.5

Number of events of 3 or more days 

in a row where Tmax exceeds 95F for 

the Santa Rosa Plain.

>95F >100FPCM wet model
GFDL dry model



Minimum winter temperature (monthly) (degF)
30-year average, current-moderate warming (projected)

(mod rainfall scenario)

Current 1981-2010
39.7 average

Projected 2040-2069
43.0 average

Projected 2070-2099
44.8 average

5.1 deg F  greater by end of century than current



Annual Precipitation-North Bay Region
PRE-CHANGE    OBSERVED CHANGE PROJECTED PROJECTED 

EXTREMES

6 highs
8 lows

8 highs
9 lows

8 highs
9 lows

5 highs
9 lows

16 highs
6 lows

O highs
12 lows

high and low extremes expected to approximately double  frequencies in projections

3 high, 5 low extreme PPT events



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

Projected Groundwater Recharge 2040-2069

• Consider mapping priority recharge areas that target upper 75% of 
recharge

• Consider analyzing existing impermeable footprint, where could LID assist 
in conservation

• Consider analyzing developing areas for conservation of high recharge 
zones

• Can you use this to prioritize siting studies for injection wells?
• What % of recharge is currently used in each basin? How much area to 

protect to sustain in future?

average 
12.4 in/yr

average 
10.3 in/yr

average 
7.9 in/yr



Projected Runoff 2070-2099
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

Hot & Low RainfallWarm & High Rainfall Warm & Moderate Rainfall

(inches)

+83% +22% -31%
27 in/y average 17 in/y average 9 in/y average

Change relative to current (1981-2010)



what might the Bay Area vegetation of 
the future look like?

Current +7°F
drier

+7°F
wetter

Ackerly 2014
TBC3.org



Fire return intervals reduced by approximately 25%



Napa Valley: Recharge and Runoff Comparison
Scenario 5
Warm & 
High Rainfall

Scenario 3 
Warm & 
Moderate Rainfall

Scenario 6
Hot & 
Low Rainfall

<- Historical    Future ->

<- Historical    Future ->

<- Historical    Future ->

Average Historical
Runoff 8 in/yr
Recharge 11 in/yr

Average Future
Runoff 15 in/yr
Recharge 10 in/yr

Average Future
Runoff 8 in/yr
Recharge 11 in/yr

Average Future
Runoff 4 in/yr
Recharge 8 in/yr



Napa River Upstream
Winter peaks (Dec-Jan-Feb)

Scenario 5 
Warm & 
High Rainfall

Scenario 3
Warm & 
Moderate 
Rainfall

Scenario 6
Hot & 
Low Rainfall

<- Historical    Future -> <- Historical    Future ->

<- Historical    Future -> <- Historical    Future ->

<- Historical    Future -> <- Historical    Future ->

1969

1969

1969

1969

1969

1969

+17

+2

+0

+19

+7

+0

1969 is reference 
peak “year” of 
historical record 



11 in/y average for valley 29% reduction
to 7.5 in/y average for valley

27% reduction
to 7.8  in/y average for valley

Low rainfall scenario results in losses of 2.5 inches of groundwater 
recharge per unit area annually

change mapNapa River Valley Groundwater Recharge
Mid- and end-century change compared to current, Scenario 6-hot and low rainfall



Vegetation change: 4-square diagrams
Example: Redwood Forest is sensitive to 
temperature in Sonoma’s Coast Range

Significant declines emerge 
at hotter temperatures. 

Each quadrant in the square higher or lower 
temperature and rainfall

warm  < 4.5°F 
more rain

Temperature

hot  > 4.5°F
more  rain

warm   <4.5°F
less rain

hot > 4.5°F
less rain

R
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n
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Color-coding the square quadrants shows 
the direction of change in percent cover in 
suitable climate for veg type  (current to 2050)

Red: Dramatic Decline            (<25% of current)

Orange: Moderate Decline (25-75% of current)   

Gray: Relative Stability   (75-125% of current )

Green: Increase (>125% of current )

Rainfall does
not have large 
affect



Four Square Diagrams: The prognosis for the 22 vegetation types in each landscape unit are shown below divided into 4 climate 

scenarios.  Comparing the landscape units reveals differential vulnerability of vegetation across Napa County. 

The color shows the direction of change in 
percent cover between current and 2050.
Red: Dramatic Decline                  (<25% of current)
Orange: Moderate Decline (25-75% of current)   
Gray: Relative Stability      (75-125% of current )
Green: Increase (>125% of current )

The position shows the scenario

Warm < 4.5°F 
High rain

R
ai

n
fa

ll

Temperature

Northern 
Mayacamas

Southern Mayacamas Vaca Mountains West Blue Ridge 
Berryessa

Napa Valley

Redwood
Forest

Douglas Fir
Forest

Ponderosa Pine Forest
Nonmaritime

Knobcone Pine Forest

Tanoak Forest

Canyon Live Oak Forest

Black Oak 
Forest Woodland

Oregon Oak
Woodland

Blue Oak 
Forest Woodland

Hot > 4.5°F
High rain

Warm  < 4.5°F
Low rain

Hot  > 4.5°F
Low rain



Probability of fire doubles 
in some locations

Change in Projected Probability of Burning One or More Times

1981-2010 2070-2099 
Hot and 
Low Rainfall

2070-2099
Warm and
Moderate
Rainfall

Current

Hot, Low 

Rainfall

Warm, 

Moderate 

Rainfall

Variable Units 1971-2000 2070-2099 2070-2099

Percent 21% 22% 29%

SD 2% 5% 3%

Probability of burning 1 

or more timesUrban and agricultural areas masked out



Sonoma County Recharge and Runoff

Warm & 
High Rainfall

Warm & 
Moderate 
Rainfall

Hot & 
Low Rainfall

<- Historical    Future ->

<- Historical    Future ->

<- Historical    Future ->Historical Average
Recharge 10 in/yr
Runoff 17 in/yr Warm & high rainfall future

Averages
Recharge 13 in/yr
Runoff 28 in/yr

Warm & mod rainfall future
Averages
Recharge 10 in/yr
Runoff 18 in/yr

Hot and low rainfall future
Averages
Recharge 8 in/yr
Runoff 11 in/yr

Recharge changes much less than runoff for all futures



Novato

Santa Rosa

Petaluma

Clearlake

Ukiah

Willits

Healdsburg

Cloverdale

Napa

Novato

Santa Rosa

Petaluma

Clearlake

Ukiah

Willits

Healdsburg

Cloverdale

Napa

£¤101

Novato

Santa Rosa

Petaluma

Clearlake

Ukiah

Willits

Healdsburg

Cloverdale

Napa

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

Projected Climatic Water Deficit 2040-2069

• CWD raises by mid-century due to increases in air temperature and evapotranspiration for all 
scenarios

• Increases are mostly in the lower elevation locations in the southern-most parts of Sonoma 
County

• CWD correlates to irrigation demand, landscape stress, vegetation distributions



• Represented in the context of all 
Sonoma County watersheds parks 
tend to be located in the drier 
watersheds with the highest deficits

• OSD parcels span the entire range 
of CWD for all watersheds

• Maxwell Farms, Sonoma Valley, and 
Shiloh Ranch are the parks with the 
lowest deficits

• Cloverdale River, Crane Creek and 
Taylor Mtn are the parks with the 
highest deficits

How do the Regional Parks and District parcel CWD values compare 
with the distribution for all Sonoma County watersheds?



in
cr

ea
si

n
g 

te
m

p
er

at
u

re

Sonoma County 
Vegetation Report 
Summary

Reduced 
suitability for 
redwood, 
doug-fir, and 
montane 
hardwoods, 

Increased 
suitability for 
coast live oak, 
semi-desert 
scrub, 
chamise
chaparral



Coast Live Oak

does well in all future scenarios regardless of
warming magnitude and rainfall

California Bay is sensitive to rainfall

does well in moderate scenario, 
but declines in hot and low rainfall

. 

Tan Oak is sensitive to rainfall and temperature

shows declines in all scenarios

Sonoma Coast 
Range Examples







Climate Ready data menu

Primary BCM outputs:

Temperature Rainfall Runoff Groundwater recharge
Evapotranspiration Soil moisture Climatic water deficit

Secondary, derived variables:

Fire frequency (% annual likelihood of fire, or annual return interval)

Potential native vegetation transitions

Time scales: historical (1910-2010) and projected (2010-2100)

30-yr average, annual, or monthly/seasonal

Spatial scales:

Regional: North Bay watersheds plus Russian River

Sub-regional: watershed, landscape unit, service area

County Large parcels



http://climate.calcommons.org/crnb/home



SonomaEcologyCenter.org
NorthBayClimate.org

caitlin@sonomaecologycenter.org



Sicke, Lund, Medellín‐Azuara
UC Davis, for CEC, 2012

• Bay-wide urban water supply crisis constraints 
and opportunities, pays little attention to local 
supplies

• Emphasizes importance of interties and ability 
to transfer water

• Emphasizes low cost and effectiveness of 
urban water conservation



Water Quality Vulnerabilities

• From IRWMP Climate Change chapter: Water quality will be 
impacted by more frequent intense storms, which can 
result in high turbidity that can result in water treatment 
plant operational challenges and in sediment transport 
issues in surface streams. Water stored in subregional
reservoirs is vulnerable to increased taste and odor events 
in dry seasons due to increased temperature. Agencies 
depending on the North Bay Aqueduct (NBA) water may 
also experience increased issues with DBPs because of 
increased TOC in the source water. Potential vulnerability 
for increased salinity in delta supplies, increased potential 
for algae and turbidity in imported and local water, and 
concentrated runoff in rivers and creeks. 





“If you find yourself in 
a hole, stop digging.”

Will Rogers



Mitigation
Reduce 
greenhouse gas 
emissions, 
sequester carbon

Adaptation
Protect 
communities from 
inevitable impacts 
of climate change

• Water efficiency
• Energy efficiency
• Local power
• Local food

WIN-WIN-WIN

• Natural water infrastructure
• Compact development
• Diverse agriculture
• Biodiversity-oriented forestry


