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Executive Summary 
Adapting to Climate Change: State of the Science for North Bay Watersheds 

A Guide for Managers, December 2010 

 

The North Bay Watershed Association (NBWA) commissioned this guide to assess and 

summarize potential climate change impacts to the hydrology of basins draining to the North 

San Pablo Bay portion of the San Francisco Bay Estuary ōŀǎŜŘ ƻƴ άǘƘŜ ǎǘŀǘŜ ƻŦ ǘƘŜ ǎŎƛŜƴŎŜ.έ  

Results include estimates of climate and hydrology parameters down to the watershed scale 

(completed as part of this study) combined with a summary of the potential extent of sea level 

rise anticipated over the next century (completed in an earlier study by US Geological Survey for 

the Bay Conservation and Development Commission).  Relevant technical journal articles cited 

here provide details on methodologies and results.  The purpose of this guide for managers is to 

summarize research results and implications for water supply, flood control, water quality, and 

habitat management projects and long-term adaptation strategies.  Critical findings include the 

following. 

 

o The North Bay has already experienced a significant warming trend over the last century 

with monthly maximum temperatures having increased on average approximately 2.7 °F 

since approximately the year 1900 to present.  Over the last century the Bay has also 

experienced approximately 0.5 feet of sea level rise. 

 

o The spatial distribution of climate change to date across the region is variable, with a 

trend towards warming of valley bottoms and in some cases cooling of montane areas.  

Coastal influences in general mitigate the warming trend, such that effects are more 

pronounced with increasing distance from the Pacific Coast or the Bay. 

 

o Scientists have reached a consensus regarding a range of projected global temperature 

scenarios for the next century.  For the purpose of this project, these projections have 

ōŜŜƴ άŘƻǿƴǎŎŀƭŜŘέ ŦƻǊ ǘƘŜ bƻǊǘƘ .ŀȅ ǊŜƎƛƻƴ to a 270 m grid. 

 

o By the last 30 years of this century, ŎƻƳǇŀǊŜŘ ǘƻ ǘƻŘŀȅΩs climate models project that a 

"business as usual" emissions scenario would result in an increase of approximately 6 °F 

in average annual maximum temperature, while a "mitigated" (e.g. significantly 

reduced) emissions scenario would result in approximately a 4 °F increase for our 

region. 
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o Based on the current state of the science, one cannot definitively project whether the 

North Bay will be faced with consistently more or less precipitation as a result of climate 

change because there is greater uncertainty in projected precipitation trends than in 

projected temperature trends. 

 

o The two climate models analyzed in this study represent two precipitation scenarios, 

one that is ŎƻƳǇŀǊŀōƭŜ ƛƴ ǇǊŜŎƛǇƛǘŀǘƛƻƴ ǘƻ ǘƻŘŀȅΩǎ ŎƻƴŘƛǘƛƻƴǎ ŀƴŘ ƻƴe that represents 

conditions should precipitation increase approximately 20% compared to the last 

ŎŜƴǘǳǊȅΦ  ²Ŝ ƎŜƴŜǊŀƭƛȊŜ ǘƘŜǎŜ ǘǿƻ ǎŎŜƴŀǊƛƻǎ ŀǎ άǿŀǊƳŜǊ ŘǊƛŜǊέ ǾŜǊǎǳǎ ŀ άǿŀǊƳŜǊ 

wetterέ scenario. 

 

o Under all scenarios (four combinations of emissions (high and low) and precipitation 

(drier and wetter)), seasonal variability of precipitation, runoff, recharge, and stream 

discharge is likely to increase, with increased likelihood of previously rare or 

unprecedented precipitation and drought events. 

 

o For both the άǿŀǊƳŜǊ ŘǊƛŜǊέ ŀƴŘ άǿŀǊƳŜǊ ǿŜǘǘŜǊέ ǎŎŜƴŀǊƛƻǎΣ Ƙydrologic models predict 

reduced early and late wet season runoff for the next century, resulting in a potentially 

extended dry season, regardless of potential increases in precipitation.  

 

o Scenarios that estimate increased precipitation project that precipitation to be 

concentrated in midwinter months, a trend which could increase risk of floods. 

 

o Evapo-transpiration and associated soil climatic water deficit is projected to steadily 

increase in both the wetter and drier future scenarios (on the order of 10-20%).  In the 

course of longer summers, soils are likely to experience greater drought stress, which in 

turn may increase demand for irrigation. 

 

o Extended dry season conditions and the potential for extended drought may serve as 

additional stressors on water quality and habitat. 

 

o Sea level rise projected over approximately the next century is projected to be on the 

order of approximately 5 feet for San Pablo Bay which would impact approximately 

73,000 acres of North Bay watersheds.  The majority of the potentially inundated areas 

were historically tidally-influenced prior to levee conversion. 
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o Real-time monitoring of hydrological variables, as laid out in the 2009 NBWA Watershed 

Indicators report and related efforts, will be central to testing hypotheses about 

potential climate change laid out in this report and equipping managers to respond to 

climate adaptation challenges in a timely fashion. 

 

o Pursuing a range of integrated regional watershed strategies capable of reducing 

greenhouse gas emissions, increasing water efficiency, creating distributed storage 

networks, promoting integrated flood management, and restoring resilient ecosystems 

is more important than ever. 

 

o Watershed project designs will need to adapt to a greater range of hydrologic variability 

than represented in the historical record to date.  Scenarios presented in the detailed 

report quantify a reasonable range of potential hydrologic conditions for conceptual 

design considerations.  Project data can be queried at the scale of major planning basins 

and minor basins defined by CalWater.  Higher resolution downscaling (to daily 

timesteps) may be required to support detailed engineering designs. 

 

In addition to this report and associated published research on watershed hydrology impacts 

(Micheli et al in press), this project produced a PowerPoint presentation on projected localized 

climate impacts to the North Bay that is available to NBWA members for presentation.  For 

more information, please contact the project lead: Dr. Lisa Micheli, Dwight Center for 

Conservation Science at Pepperwood, lmicheli@pepperwoodpreserve.org, 707-591-9310 x 203.  

In addition, project data will be posted online and linked to www.nbwatershed.org. 

  

mailto:lmicheli@pepperwoodpreserve.org
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Adapting to Climate Change 
ά{ǘŀǘŜ ƻŦ ǘƘŜ {ŎƛŜƴŎŜέ ŦƻǊ bƻǊǘƘ .ŀȅ ²ŀǘŜǊǎƘŜŘǎ 

A Guide for Managers 

Purpose 

A goal of the North Bay Watershed Association (NBWA) is to provide members and 

associated watershed organizations with comprehensive tools for watershed 

management informed by a regional perspective.  As advised by DWR 2008, 

 

Impacts and vulnerability will vary by region, as will the resources available 

to respond to climate change, necessitating regional solutions to adaptation rather than 

the proverbial one-size-fits-all approach. 

 

The purpose of this guide is to advance adaptation planning for North Bay watersheds 

by providing a summary of potential future climate change and sea level rise 

vulnerabilities based on current science.  While there is inherent uncertainty in 

generating future climate scenarios, the information provided here, which includes 

quantitative estimates of model uncertainties expressed as a range of scenarios, is 

critical to prepare watershed managers to adapt to our changing climate, and in turn, to 

wisely manage our water resources future.  This guide is intended as a first step to 

enable North Bay watershed managers to take potential future climate change into 

consideration in planning projects aimed at enhancing water supply, flood protection, 

water quality, and watershed habitat.   

 

Background 

The international climate science community has put the public on notice on two fronts: 

 

1. climate change is already well under way and unavoidable impacts need to be 

planned for even if we are successful in stabilizing greenhouse gas emissions 

immediately due to the lag time in climate response; 

 

2. while there is some diversity among global climate general circulation models 

(GCMs), sufficient convergence among projections allows identification of 

conservative central tendencies in future climate. 

 



NBWA Adapting to Climate Change 

 2 

The latest general circulation models (GCMs) have benefited from calibrating model 

inputs based on recent observed climate, such that today these tools provide a much 

stronger basis for projecting ranges of potential change today than ever before (see 

IPCC 2001 and 2007, Knowles and Cayan 2002, Cayan and others 2007 and 2009, 

Hidalgo and others 2008). 

 

A major recent advance in climate science is the ability to "downscale" GCMs developed 

by the Intergovernmental Panel on Climate Change (IPCC) to generate meaningful 

results at a watershed scale.  In terms of watershed hydrology, this is achieved by linking 

future climate scenarios to a Basin Characterization Model (Flint and Flint 2007a, 2007b, 

2011) that translates climate parameters into hydrologic impacts on the water cycle for 

each basin in the study area based on topography, soils, and underlying geology.  For 

sea level rise, this is achieved by combining results from global models with detailed 

regional information on tides, storm frequency, and wave surge.  The work referenced 

here was overseen by US Geologic Survey principal investigators and prepared for 

publication in San Francisco Estuary and Watershed Science, a journal produced by 

University of California.  Readers interested in detailed methods and analyses used to 

generate the watershed hydrology and sea level rise scenarios should consult 

companion research papers (Knowles 2010, Micheli and others in press).  

 

The scientific foundation for this guide is grounded in research that projects both sea 

level rise and watershed hydrology under climate change for NBWA watersheds.  While 

the USGS focuses exclusively on scientific research, our project team translated research 

results to potential implications for management based on our experience and by 

consulting national and state level guidelines on climate adaptation (DWR 2008, Lawler 

and others 2009, State of California 2009, West and others 2009).  We are indebted to 

technical peer reviewers from NBWA member organizations who provided critical input 

to this report.  The project team also included representatives from the Dwight Center 

for Conservation Science at Pepperwood, Creekside Center for Earth Observation and 

the Bay Area Open Space Council to augment the perspective of applied watershed 

managers working in a regional context. 

 

Planning for uncertain futures 

Modeled scenarios summarized here at best capture the magnitude and direction of 

long-term trends.  These models are empirical and probabilistic: they utilize 

observations of hydrologic response to historic climate to generate future scenarios.  
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While modeled scenarios generate monthly to annual values for projected climate, 

hydrology and sea level parameters, these values should not be taken as specific 

predictions for short-term climate impacts.  Instead, we focus on reporting 

approximately 30- to 100-year climate trends in the context of potential seasonal and 

inter-annual variability.  In other words, these models do not aim to predict short term 

climate fluctuations commonly referred to as άthe weather,έ but speak to long term 

trends that underlie the high spatial and temporal variability of climate in our region. 

 

¢ƘŜǊŜ ŀǊŜ ǎŜǾŜǊŀƭ ǎƻǳǊŎŜǎ ƻŦ άǳƴŎŜǊǘŀƛƴǘȅέ ƛƴ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜ ǇǊojections, some of which 

are a function of actual scientific unknowns while some are simply a function of natural 

variability of our regional watershed systems.  Primary sources of uncertainty in this 

study include the following. 

 

o Actual temporal variability in global and local climate observed in historic 

records 

o Actual spatial variability of watershed and estuary attributes 

o Unknown rates of long-term future greenhouse gas emissions 

o Variations in sensitivity among GCM models used to generate temperature and 

precipitation patterns and among sea level rise models  

o Uncertainty regarding the precise physical mechanisms of climate change and 

sea level rise  

 

Watershed managers need to make informed choices to plan in the face of these 

uncertainties.  Critical to a science-based approach is understanding climate projections 

as defining reasonable ranges for average values with quantified estimates of temporal 

and spatial cumulative uncertainty.  To meet this objective for watershed hydrology, we 

use four scenarios that represent two different climate modeling approaches and two 

different greenhouse gas emissions scenarios.  Figures and tables provided show 

quantitative estimates of residual uncertainty.  To effectively use these vulnerability 

ŀǎǎŜǎǎƳŜƴǘǎΣ ƳŀƴŀƎŜǊǎ ƴŜŜŘ ǘƻ ŀǇǇƭȅ ŀƴ άŀŘŀǇǘƛǾŜ ƳŀƴŀƎŜƳŜƴǘέ ŦǊŀƳŜǿƻǊƪΦ 

 

Adaptive management is more important that ever 

The principle of adaptive management is critical to successfully meeting the challenge of 

managing watersheds given uncertain climate futures.  The scenarios provided here 

constitute a set of hypotheses regarding how our watersheds may respond to climate  

change in the decades to come.  It will be critical to implement long-term watershed 
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monitoring (per recommendations developed in the 2009 NBWA Watershed Indicators 

reportΣ ǿƘƛŎƘ ƛƴŎƭǳŘŜ άŎƭƛƳŀǘŜ ŎƻƴǘŜȄǘέ ƛƴŘƛŎŀǘƻǊǎ) to evaluate the validity of this 

hypothesis and to adjust predictive models to improve future scenario development in 

the decades to come.  We will also need to more carefully monitor watershed projects 

over time to see how they actually fare in the course of climate change.  Thus we 

recommend an iterative process of utilizing scientific prediction tools in concert with 

field-based monitoring that measures actual change in the resource over time.  The 

figure below provides a visualization of how to utilize future climate and hydrology 

scenarios in the context of an adaptive management framework (following West and 

others 2009, Lawler and others 2009). 

 

 

assess impacts and vulnerabilities 

Ä 

evaluate management options 

Ä 

determine άŀŘŀǇǘƛǾŜ capacityέ to respond 

Ä 

develop and implement management responses 

Ä 

monitor watershed response 

Ä 

adjust management based on monitoring results 

 

 

Adaptive capacity can be defined as άthe ability of systems, organizations, and 

individuals to: adjust to actual or potential adverse changes and events, take advantage 

of existing and emerging opportunities that support essential functions or relationships, 

and/or cope with adverse consequences, mitigate damages, and recover from system 

ŦŀƛƭǳǊŜǎ ό5²w нллуύΦέ  ¢ƘŜ ŦŜŜŘōŀŎƪ ƭƻƻǇǎ ǎƘƻǿƴ above indicate the critical role of 

monitoring to refine vulnerability assessments and provide feedback on the efficacy of 

management techniques.  Adapting to climate change calls for a comprehensive 

commitment to adaptive management at a regional scale to maintain flexibility to 

respond to uncertain futures. 

 

 

Adaptive Management 
Framework 

watershed monitoring 
informs understanding 
of vulnerabilities 

project performance 
informs management 
options 
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Watershed delineation within the study area 

The study area is comprised of the NBWA jurisdiction and environs as shown in Figure 1 

below. 

 

Figure 1 Study area and delineated watersheds 

 
Map of study area delineating major and minor basins analyzed using Basin Characterization 
Model (BCM).  Blue shading defines North Bay Watershed Association (NBWA) jurisdiction. 
Labels with arrows identify major basins. Small numbers label minor basins identified by name 
in Appendix A. Yellow circles show location of USGS gages used for model calibration.  

 

The major basins defined for this study form a west to east transect across the North 

.ŀȅ ŀƴŘ ƛƴŎƭǳŘŜΤ άaŀǊƛƴ /ƻŀǎǘέ όŎƻƳǇǊƛǎŜŘ ǇǊƛƳŀǊƛƭȅ ƻŦ ǘƘŜ [ŀƎǳƴƛǘŀǎ /ǊŜŜƪ ŀƴŘ .ƻƭƛƴŀǎ 

ǿŀǘŜǊǎƘŜŘǎ ǘƘŀǘ ŘǊŀƛƴ ǘƻ ǘƘŜ tŀŎƛŦƛŎ hŎŜŀƴύΣ ŜŀǎǘŜǊƴ άaŀǊƛƴ .ŀȅέ όŎƻƳǇǊƛǎŜŘ ǇǊƛƳŀǊƛƭȅ 

of the Corte Madera and Miller Creek watersheds draining into the estuary), Petaluma 

River watershed, Sonoma Creek watershed, and the Napa River watershed.  Excluding 

the Marin Coast basin, the core of the study area is comprised of the geographic 

jurisdiction of the NBWA.  These major planning basins can be further divided into 

minor basins per watershed delineations generated by the Natural Resources 

/ƻƴǎŜǊǾŀǘƛƻƴ {ŜǊǾƛŎŜΩǎ /ŀƭƛŦƻǊƴƛŀ LƴǘŜǊŀƎŜƴŎȅ ²ŀǘŜǊǎƘŜŘ aŀǇǇƛƴƎ /ƻƳƳƛǘǘŜŜ ό/ŀƭWater 

1999).  For details on major and minor basins, please consult Appendix A. 
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Historic patterns of climate variability. 

The watershed hydrology team analyzed historic PRISM climate data (Daly and others 

2004) to understand past patterns of climate variability and to calibrate the model to 

predict future patterns of variability.  These include patterns of spatial variability within 

and between the major planning basins of the North Bay and temporal variability across 

seasons and years.  Researchers utilized mapped topography, soils, and geology and 

stream gage records to reproduce historical patterns using the Basin Characterization 

Model (BCM).  Understanding the historic spatial variability of climate, hydrology and 

sea level at the watershed scale is critical to identifying potentially vulnerable versus 

resilient regions of North Bay watersheds for the four future scenarios.  Figure 2a shows 

the spatial variability of North Bay climate over a 30 year period ending in 2000. 

 
Figure 2a Average annual precipitation and maximum and minimum temperatures, North Bay 
region, 1971-2000 

 

 

 

Figure 2a displays a decreasing precipitation gradient from the coast and montane 

headwaters to inland valleys, an increasing gradient in maximum temperatures from the  

coast 64-66 °F (18-19 °C) to inland 72-73 °F (22-23 °C), and relatively consistent trends 

across the region in minimum temperatures.  Figure 2b below shows the direction and 

magnitude of any net change in variables over the same period.  
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Figure 2b Direction and magnitude of change in annual average precipitation and maximum and 

minimum temperatures, North Bay region, 1971-2000 

 

 

Recent climate change trends displayed above show an increase of approximately 2ς4 

inches (50-200 mm) in average annual precipitation, a variable trend in maximum 

temperatures, and more intensive increases in minimum temperatures (on the order to 

1.8 ς 3.8 °F) across the region for the 1971-2000 time period.  We can also see that 

while the overall trend has been towards warming, there are some regions that have 

experienced a cooling trend (on the order of 0.9 to 1.8 °F). 

 

Future climate scenarios 

To capture a reasonable range of future projections for watershed hydrology we utilized 

two different global climate models for Basin Characterization Model inputs and two 

different models for emissions scenarios.  The result is four scenarios that explore the 

implications of a higher or lower emissions future for scenarios with both greater and 

lesser amounts of precipitation compared to the historical average. (By contrast to the 

watershed hydrology scenarios, we summarize just one scenario for sea level rise that 

conservatively is likely to be realized within a century.) 

 

General Circulation Model (GCM) temperature and precipitation outputs shown below 

in figures 3a and 3b have been downscaled to the North Bay region based on monthly 

values averaged over decade intervals (for methods, see Flint and Flint 2011). Historic 

values are derived from PRISM.  Projected data series (2001-2100) represent four 

ŎƻƳōƛƴŀǘƛƻƴǎ ƻŦ D/a ƳƻŘŜƭ όDC5[ ƻǊ t/aύ ŀƴŘ ŜƳƛǎǎƛƻƴǎ ǎŎŜƴŀǊƛƻ ό!н άōǳǎƛƴŜǎǎ ŀǎ 

ǳǎǳŀƭέΣ .м άƳƛǘƛƎŀǘŜŘΩύ ŀǎ ƛŘŜƴǘƛŦƛŜŘ ƛƴ ƭŜƎŜƴŘΦ 
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Figure 3a Historic (1911-1999) and GCM-projected values (2000-2100) for maximum 

temperatures (monthly values averaged over decade intervals), North Bay region 

 
 
Figure 3b Historic (1911-1999) and GCM-projected values (2000-2100) for precipitation 
(monthly values averaged over decade intervals), North Bay region 

 
By the century's close the four scenarios evolve into essentially two distinguishable 

scenarios with equivalent temperature values but divergent precipitation. By the last 30 

years of this century (2071-2100), maximum temperature is projected to increase above 

ǘƻŘŀȅΩǎ ǾŀƭǳŜǎ by 3.8 to 6.1 °F, based on the lower versus higher emissions projections.   
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By contrast, the long term trend for precipitation is uncertain and driven by model 

άƳŀƪŜέ ǊŀǘƘŜr than emissions scenario.  By the 2071-2100 time interval, the άwetterέ 

PCM model (for both the low and high emissions scenarios) is characterized by a annual 

precipitation average of approximately 37.4 ± 3.0 inches per year (950 ± 75 mm y-1) 

versus a άŘǊƛŜǊέ GFDL model (for both the higher and lower emissions scenarios) 

characterized by a precipitation average of 29.5  ±  3.0 inches per year (750 ± 75 mm y-

1).  Compared to a historic mean of 30.8 ± 2.0 inches per year (783 ± 47 mm y-1) (1900-

1981), the PCM άǿŀǊƳŜǊ ǿŜǘǘŜǊέ model assumes a much more significant shift (21% 

more than the historic average) in precipitation than the άǿŀǊƳŜǊ ŘǊƛŜǊέ GFDL model. 

 

Potential climate change impacts on sea level rise 

For sea level rise projections presented here one emissions scenario was applied 

όάōǳǎƛƴŜǎǎ ŀǎ ǳǎǳŀƭέύ ǳǎƛƴƎ ŀ ƘȅŘǊƻŘȅƴŀƳƛŎ ƳƻŘŜƭ ǘƘŀǘ ƛƴǘŜƎǊŀǘŜs the effects of global 

sea level rise and local variability in San Francisco Bay estuary water surface elevations 

based on underlying topography, tides, storm surge, and flood conditions (Knowles 

2010).  The model examines the risk of extreme high water levels associated with rare 

(low-frequency) events that may prove capable of breaching existing protective levees 

around low lying areas.  Thus the model projects potential inundation for current 

conditions and with approximately 4.9 feet of sea level rise, considered a reasonable 

estimate by approximately this ŎŜƴǘǳǊȅΩǎ close (Knowles 2010).  (The model does not 

aim to precisely predict the date of this extent of sea level rise, but rather examines the 

impacts of this relatively conservative estimate for what is likely to occur sometime this 

next century or early in the next.) 

 

In terms of the potential extent of inundation, the sea level rise model estimates a total 

of 73,270 acres or 13% of the NBWA jurisdiction area that may prove vulnerable to sea 

level rise ōȅ ǘƘƛǎ ŎŜƴǘǳǊȅΩǎ ŎƭƻǎŜ.  This acreage is distributed relatively evenly between 

the four major basins, with 21% in the Marin Bay basin, 22% in the Petaluma River basin, 

24% in the Sonoma Creek basin, and 33% in the Napa River basin.  Appendix B 

summarizes types and relative rarity of vegetation prone to inundation.  Out of a 

maximum score of 4, the relative rarity of land cover on impacted lands averages 2.74. 

 

In terms of the potential frequency of sea level rise extreme events (when tides, wind 

fetch, and flooding are all at maximum), Knowles (2010) indicates that for the bay as a 

whole, as early as mid-century, the one-year peak flooding event will be nearly equal in 

magnitude to the 100-year peak event currently estimated for the year 2000.  
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Figure 4a Potential inundation due to sea level rise for NBWA Jurisdiction 
(based on Knowles 2010) 

  

 
 Figure 4b Vegetation types at risk of inundation by sea level rise for NBWA Jurisdiction 
(based on Knowles 2010) 

 

 

Explanation: diversity of Upland Habitat Goals 
vegetation types at risk of inundation via sea level 
rise, (NBWA jurisdiction outlined in green) with types 
listed by acreage in and rarity rankings in Appendix 
B.  The table below summarizes potential inundation 
acreage by protection status. 

Explanation:  in blue are areas vulnerable to 
inundation at present under worst case scenario 
(100-yr storm, levee failure) and in red are 
additional areas prone to inundation during 
extreme events with 4.9 feet of sea level rise 
(NBWA jurisdiction outlined in green, major 
basin boundaries in gold). 

 

Major 
Basin  

 Not 
Protected 

(acres)  

Protected 
(acres)  

Basin 
Total 

(acres)  

Marin Bay   9,285    5,833 15,118 

Napa River   8,483 16,036 24,520 
Petaluma 

River   7,174  8,760 15,934 
Sonoma 
Creek 15,337  2,361 17,698 

Category 
Totals 40,279 32,991 73,270 
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Potential Climate Change Impacts on Watershed Hydrology 

For watershed hydrology, by exploring both ŀ άǿŀǊƳŜǊ ŘǊƛŜǊέ ŀƴŘ ŀ άǿŀǊƳŜǊ ǿŜǘǘŜǊέ 

scenario, we can identify common and unique adaptation challenges associated with 

long terms trends of greater versus less precipitation.  The four scenarios analyzed here 

result in the following estimates of watershed runoff (shown as mm of annual 

precipitation) for the entire North Bay region. 

 
Figure 5 Historical runoff (1896-2009) and projected runoff (2010-2100) for four projected scenarios.  
(Runoff shown as mm of incoming annual precipitation) 

 

Each bar represents average annual runoff estimated by the Basin Characterization 

Model (BCM) for the North Bay region (NBWA jurisdiction) over the defined time 

interval, with black bars derived from PRISM data (1896-2009) and colored bars derived 

from GCM projections.  For the three projected time periods, the first (2011-2040) 

shows a case where the B1 scenarios are significantly wetter than the A1 scenarios, the 

second (2041-2070) shows a case where all scenarios are comparable in terms of 

projected runoff, while the third (2071-2100) demonstrates a case where the PCM 

projections are significantly wetter than the GFDL projections for both emissions 

scenarios.  ¢ƘŜǎŜ ǊǳƴƻŦŦ ǎŎŜƴŀǊƛƻǎ Ŏŀƴ ōŜ ǳǎŜŘ ǘƻ ŜǎǎŜƴǘƛŀƭ άōƻǳƴŘέ ŀ ǊŜŀǎƻƴŀōƭŜ ǊŀƴƎŜ 

ƻŦ άŘǊƛŜǊέ ǾŜǊǎǳǎ άǿŜǘǘŜǊέ hydrology estimates for the next century. 

 

Runoff scenarios can be translated to potential impacts on stream flow.  Below is a 

cumulative discharge plot for the Napa River that compares historic annual discharge to 

annual ŘƛǎŎƘŀǊƎŜ ǇǊƻƧŜŎǘŜŘ ŦƻǊ ōƻǘƘ ŀ άǿŀǊƳŜǊ ǿŜǘǘŜǊέ ŀƴŘ άǿŀǊƳŜǊ ŘǊƛŜǊέ ǎŎŜƴŀǊƛƻΦ 


