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Downscaling future climate scenarios to the watershed scale: 
a North San Franscisco Bay Estuary case study  
FIGURES and TABLES   
 
Figure 1 Site Location 

 

 
 

Map of study area delineating major and minor basins analyzed using Basin Characterization Model 

(BCM).  Blue shading defines North Bay Watershed Association (NBWA) jurisdiction which we term 

“North Bay region” for this study. 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 listed in Table 1.  
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Figure 2 Model calibration example: comparison of modeled and measured monthly stream discharge, 
Milliken Creek, Napa River basin, 1970-1983 
 

 
 
Monthly stream discharge measured at the USGS gage 11458100 (Milliken Creek near Napa) in black 

(square labels) compared to Basin Characterization Model (BCM) stream discharge measurements in 

red (diamond labels) produced via calibration run.  Each gage shown in Figure 1 was used for model 

calibration to ensure the BCM effectively captures magnitude and timing of peaks in monthly discharge. 
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Figure 3 Climatic water deficit 
 

 
 
Climatic water deficit quantifies evaporative demand exceeding available soil moisture, where S = soil 

moisture, AET = actual evapotranspiration,  D =climatic water deficit.  After Stephenson 1998. 
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Figure 4A-C Average annual precipitation and maximum and minimum temperatures, North Bay region, 

1971-2000 

 
 
Figure 4D-F Direction and magnitude of change in annual average precipitation and maximum and 

minimum temperatures, North Bay region, 1971-2000 

 
 

Trend analysis for precipitation and temperature across North Bay region based on based on monthly 

PRISM data downscaled to 270 m for 1971-2000.  Series A-C shows average annual values and series 

D-F shows total change for this time period.  Major basins are delineated in black outline.  A-C display a 

decreasing precipitation gradient from the coast and montane headwaters to inland valleys, an 

increasing gradient in maximum temperatures from coast (18-19 °C) to inland (22-23 °C), and relatively 

consistent trends across the region in minimum temperatures.  D-E display an increase of 

approximately 50-200 mm in precipitation, a variable trend in maximum temperatures, and more 

intensive increases in minimum temperature (on the order to 1-2 °C) across the region. 
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Figure 5A Historic (1901-2000) and GCM-projected (2001-2100) maximum temperatures 

 
 
 
 
Figure 5B Historic (1901-2000) and GCM-projected (2001-2100) precipitation  

 
 
General Circulation Model (GCM) temperature and precipitation outputs downscaled to North Bay 

region based on monthly values averaged over decade intervals. Historic values derived from PRISM.  

Projected data series (2001-2100) represent four combinations of GCM model (GFDL or PCM) and 

emissions scenario (A2 “business as usual”, B1 “mitigated’) as identified in legend. 
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Figure 6A-F Historic (1896-2009) and projected (2010-2100) temperature and precipitation, North Bay 

region, GFDL A2 and PCM A2 scenarios 

 
   

 
Historic values (1896-2009) for temperature and precipitation derived from PRISM, projected values for 
temperature and precipitation derived from downscaled GCMs (GFDL A2 “warmer drier” and PCM A2 
“warmer wetter” scenarios, 2010-2100). Box plots represent 30-year intervals and are sized to the 
standard deviation, “whiskers” define the 5-95% confidence interval, and histograms show the 
frequency distributions of average annual values. 
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Figure 6G-N  Historic (1896-2009) and projected (2010-2100) hydrology, BCM estimates, North Bay 

region, GFDL-A2 and PCM A-2 scenarios 

                  
Hydrologic parameters of runoff (G-H), recharge (I-J), evapotranspiration (K-L), and water deficit (M-N) 
are derived from Basin Characterization Model (BCM) simulations using PRISM data for historic values 
(1896-2009) and using downscaled GCMs (GFDL A2 “warmer drier” (G, I, K, M) and PCM A2 “warmer 
wetter” (H, J, L, N)) for future projections (2010-2100).  Box plots represent 30-year intervals and are 
sized to the standard deviation, “whiskers” define the 5-95% confidence interval, and histograms show 
the frequency distributions of average annual values. 
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Figure 7 A comparison of historic (1896-2009) to projected (2010-2100) average annual runoff for four 
future climate scenarios, North Bay region 

 
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. 
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Figure 8 Historic (1896-2009) versus projected (2010-2100) water balance partitioning, North Bay 
region 
 

 
 

This plot shows estimated water balance distributions for the historic period (1896-2009) and GFDL A2 
“warmer drier” scenario (2010-2100) using monthly data averaged over decade intervals.  Histograms 
displaying water balance partitioning between runoff (green), recharge (yellow) and evapotranspiration 
(blue) show that in low water years proportionally more water is converted to evapotranspiration versus 
during high water years when proportionally more water is available for recharge and runoff. 
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Figure 9A-F Spatial distribution of projected climate impacts on hydrology estimated using Basin 
Characterization Model (BCM), North Bay region 
 

 
 
Maps A-F display the diversity of potential hydrologic response to climate change within major basins 
by showing the spatial distribution of differences between the1971-2000 and 2071-2100 time intervals. 
A-B displays runoff,  C-D displays recharge, and E-F displays water deficit for the PCM A2 “warmer 
wetter” scenario (A, C, E) and the GFDL A2 “warmer drier” scenario (B, D, F).  270 m grid results are 
averaged for sub-basins.  In general, valley bottoms typified by thick layers of alluvium show the 
greatest magnitude of potential change due to storage capacity.  While runoff and recharge generally 
trend in opposite directions for the two models (in the positive direction for PCM and the negative 
direction for GFDL), both models predict increases in water deficit ranging from 8 to greater than 34%. 
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Figure 10A Historic (1896-2009) and projected (2010-2100) runoff, three-year running average, North 
Bay region 

 
 
Historic estimated runoff (1896-2009, derived from PRISM data) and projected runoff (2010-2100) for 
four scenarios (PCM A2 in yellow, GFDL A2 in red, PCM B1 in green, GFDL B1 in blue) for North Bay 
region (excludes Marin Coast planning basin).  Plot shows increased future variability in three-year 
running average for all scenarios.  Trend lines display historic mean (solid), PCMA 2 mean (dashed), 
and GFDL A2 mean (dotted) values over respective time periods. 
 

Figure 10B Historic (1896-2009) and projected (2010-2100) stream discharge, three-year running 
average, Napa River at St Helena 

 
Historic stream discharge (1896-2009, derived from USGS gage data) and projected stream discharge 

for four scenarios (PCM A2 in yellow, GFDL A2 in red, PCM B1 in green, GFDL B1 in blue) for USGS 

gage on Napa River at St Helena, #1145600.  Plot displays increased future variability in 3-year running 

average for all scenarios, and trend towards end of current century for more discharge under PCM 

compared to GFDL scenarios. Trend lines display historic mean (solid), PCM A2 mean (dashed), and 

GFDL A2 mean (dotted) values. 
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Figure 11 Historic (1971-2000) versus projected (2071-2100) cumulative probability of annual stream 
discharge, Napa River at St Helena 
 

 
 
Annual basin discharge versus cumulative frequency for the Napa River at St Helena, where black 
squares represent historic conditions (1971-2000, derived from USGS gage data), red diamonds 
represent projected GFDL A2 scenario (2071-2100, BCM simulation), and gold triangles represent 
projected PCM A2 scenario (2071-2100, BCM simulation). 
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Figure 12A-D Runoff and recharge, three-year running average values, historic (1971-2000) and GFDL-
A2 projections GFDL-A2 (2071-2100), Milliken Creek sub-basin 
 

 

1971-2000 Runoff 

 

2071- 2100 Runoff 

  

 

1971-2000 Recharge 

 

2071- 2100 Recharge 

  

 
 
Histograms compare frequency distributions for 1971-2000 (derived from USGS gage data) and 2071-
2100 (derived from BCM simulation for GFDL-A2 scenario) in terms of three-year running average 
values for runoff (A-B) and recharge (C-D).  Percent labels show total frequency of values for each 
histogram interval.  Units are 103 x m3 of water. 
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Figure 13A-D Projected climate impacts on seasonality of climate hydrology parameters, North Bay 
region 
 

 
 
Each plot compares recent (1981-2010) versus projected (2071-2100) monthly average values for 
individual months of water year for A) precipitation, B) runoff, C) recharge, and D) potential 
evapotranspiration.  Black squares show recent values (derived from PRISM), red diamonds shows 
projected “warmer-drier” scenario (GFDL A2 scenario, 2071-2100, BCM simulation), gold triangles 
show “warmer-drier”  (PCM A2 scenario, 2071-2100, BCM simulation).  Although the PCM A2 model 
projects unprecedented amounts of precipitation during winter months, it also projects lower water 
availability by April compared to current conditions.  The GFDL A2 model projects significantly less 
water available in both the early and late months of wet season compared to current conditions. 
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Figures 14A-F Historic (1896-2009) and projected (2010-2100) maximum and minimum temperatures 
and precipitation by major basin, North Bay region, GFDL-A2 and PCM-A2 scenarios 
 

 
 
Plots compare major basin attributes for maximum temperatures (A-B), minimum temperatures (C-D) 

and precipitation (E-F) for GFDL A2 and PCM A2 scenarios. Marin Coast shown in purple, Marin Bay 

shown in blue, Petaluma River basin shown in red, Sonoma Creek basin shown in green, and Napa 

River basin shown in gold.  Appendix B displays results in tabular form. 
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Figures 14G-N Historic (1896-2009) and projected (2010-2100) hydrology by major basin, 
North Bay region, GFDL-A2 and PCM-A2 scenarios 

 

 

 

 
 

Plots compare major basin attributes for runoff, recharge, potential evapotranspiration, and water deficit 

for GFDL A2 and PCM A2 scenarios.  Marin Coast shown in purple, Marin Bay shown in blue, 

Petaluma River basin shown in red, Sonoma Creek basin shown in green, and Napa River basin shown 

in gold.  Appendix B displays results in tabular form. 
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Table 1 Stream gages used for Basin Characterization Model calibration 

Gage USGS# 
Period of 
Record 

Ratio of 
Measured to 

Modeled 
Runoff 

Napa River Near St Helena 11456000 1975-1983 0.983 

Novato Creek at Novato 11459500 1960-1990 0.990 

Sonoma Creek at Agua Caliente 11458500 1960-1980 0.994 

San Antonio Creek near Petaluma 11459300 1975-1981 1.007 

Milliken Creek near Napa 11458100 1970-1983 1.009 

Dry Creek near Napa 11457000 1959-1966 0.988 

Napa River at Calistoga 11455900 1975-1982 0.996 

Arroyo Corte Madera at Mill Valley 11460100 1965-1985 1.009 

 
 
 

Table 2 Monthly measured climate and simulated hydrologic parameters (1901-2010), 
averaged per decade 
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Table 3 Four scenarios projected climate and hydrology of North Bay Region study area 

(2011-2100), monthly values averaged per 30-year interval  
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APPENDIX A  Major and minor basin descriptors derived from CalWater, 1999 
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APPENDIX B Major Basin Assessments: tabular format 
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