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Outline 
• Discussion of climate change, 

Global Climate Models, and 
issues of scale 

• Translating climate change to 
hydrologic response 
• Water availability 
• Irrigation demand 
• Recharge 

• Future projections in Sonoma 
County 

• North Bay Climate Adaptation 
Initiative (NBCAI): local 
applications of science to 
resource management 

 





CO2 emissions 

McCarthy (Science, 2009) 

Increases in 
atmospheric CO2 
changes the energy 
balance of the earth 
keeping in long-wave 
radiation and warming 
the earth  



McCarthy (Science, 2009) 

Climate 
change is a 
result of 
global 
increases in 
temperature 

Influences on 
increased 
temperature 
by volcanos, 
ENSO, solar 
cycle, and 
humans 







From Jim Hansen, NASA 

Global warming and the  
spatial variability of a changing climate 



GFDL-A2 scenario 
Change in Runoff 

How do we get there from here? 



(Carbon Dioxide Information Analysis Center) 

(International Energy Agency) 

Climate Change Scenarios 
IPCC Special Report on Emission Scenarios (SRES) has 
developed scenarios corresponding to potential future global 
and regional economic and land use strategies 



Original GCM values 

Global Climate Model 
(actually, general circulation model) 

The downscaling problem 



Global Climate Models (GCMs) 
Climate Change Scenarios 

• Climate model data (precipitation,  air temperature) are available from 
the IPCC at 2.5 degree resolution, ~275-km 

• Model scenarios downscaled to 12-km 
• Spatially downscaled to 270-m for hydrologic model applications 

gradient-inverse distance squared interpolation 

GCM output Downscaled 

275 km grid cells 12-km grid cells 



12-km 

Stanislaus 

Tuolumne 

Merced 

270-m 
Maximum  

Air  
Temperature  

June 2035 

(C) 
8 - 10 
10 - 18 
18 - 21 
21 - 24 
24 - 27 
27 - 30 
30 - 33 
33 - 36 
36 - 39 
39 - 45 

Downscaling  
Climate Change Scenarios 

 
Data are spatially 
downscaled to 270-m 
using a gradient-
inverse-distance-
squared (GIDS) method 
for hydrologic model 
application 

 



Fine-scale Application 
 

• Provides information at the 
spatial scales at which 
processes occur 
• Vegetation distribution in local 

environments 
• Energy balance on north and 

south facing slopes 
• Basin-scale water availability 



Sonoma  
County 

Laguna de  
Santa Rosa 

Pacific Ocean 



Precipitation Maximum Air Temperature Minimum Air Temperature 

Current Climate in Sonoma County (1971-2007) 
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< 800 
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24 - 25 

(deg C) 
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Climate for Sonoma County: 
current and future conditions – 4 scenarios 



Climate for Sonoma County: 
Changes for 30-yr periods for 2 models 



Translating climate change to 
hydrologic response 

• Requires downscaling from global 
scales to regional 

• Requires an approach to simulate 
hydrology from available 
information 
• Basin Characterization Model (BCM) 

– grid-based data 
– uses climate data and calculates  

– potential evapotranspiration 
– recharge and runoff 
– actual ET 
– climatic water deficit 
– snow accumulation and snow melt 



Potential  
evapotranspiration  

 
Watershed available  
water (excess water) 

 

Snowmelt  

 
Runoff 

 

 
Recharge 

 

Sublimation Solar radiation 

 
Basin discharge 

 

Climatic water deficit 
(PET-AET) 

Actual 
evapotranspiration  

 
Air temperature 

 

Snow  
accumulation 

 
Precipitation 

 

 
Groundwater 

recharge 
 



Geology 
Alluvium - channels 

Alluvium - landslides 

Alluvium - valley fill 

Conglomerate 

Gabbro 

Granite 

Granite - mixed 

Igneous - dikes and plugs 

Metamorphics - gneiss/schist 

Metamorphics - serpentinite 

Metasediments 

Metavolcanics 

Sandstone 

Sandstone - Santa Margarita 

Sandstone - claystone 

Sandstone - claystone melange 

Sandstone - shale 

Sandstone - shale eocene 

Sandstone - shale lower 

Sandstone - shale upper 

Sandstone - siltstone 

Volcanics - lava flows quaternary 

Volcanics - lava flows tertiary 

Volcanics - pyroclastics 

Volcanics - rhyolites 

Water 

Model Development 
 

Geology 



Soil thickness 

(meters) 
0 - 0.1 

0.1 - 0.2 

0.2 - 0.5 

0.5 - 1 

1 - 1.5 

1.5 - 2 

2 - 3 

3 - 6 

Model Development 
 

Soils 



Calibration Using Discharge Measurements 



Runoff  
or recharge 
1971-2000 

(mm/yr) 
0 - 20 
20 - 50 
50 - 100 
100 - 200 
200 - 300 
300 - 400 
400 - 500 
500 - 750 
750 - 1,000 
1,000 - 1,800 

Runoff Recharge 



Change in  
Recharge 

(mm/year) 

400 - 300 
300 - 250 
250 - 200 
200 - 150 
150 - 100 
100 - 50 
50 - 0 
0 - -50 
-50 - -100 
-100 - -150 
-150 - -200 
-200 - -250 
-250 - -300 
-300 - -350 

GFDL-A2 PCM-A2 

Change from (1981-2010) to (2071-2100) 



GFDL-A2 PCM-A2 
Change in  

Runoff  
(mm/year) 

400 - 300 
300 - 250 
250 - 200 
200 - 150 
150 - 100 
100 - 50 
50 - 0 
0 - -50 
-50 - -100 
-100 - -150 
-150 - -200 
-200 - -250 
-250 - -300 
-300 - -350 

Change from (1981-2010) to (2071-2100) 
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Seasonal Shifts in Recharge and Runoff 
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Consideration of Future Drought Conditions 

Russian River at Hopland 



GSFLOW: surface water/groundwater model of Santa Rosa Plain 

CO TA TI 
WILSON GROVE 

RUSSIAN RIVER 

KENWOOD 

GENERAL-HEAD 
BOUNDARIES 



Dry year (1977)  

Net recharge (inches per year)                       

Wet year (1983)  



PRMS Rainfall-Runoff daily model: GFDL A2 scenario 



Climatic Water Deficit 
 

Annual evaporative demand  
that exceeds available water 

 

Potential – Actual Evapotranspiration 

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

• Vegetation independent  (indicator) 
• Address irrigation demand 
• Generally increases with all future 

climate scenarios 
 

PET 

SUPPLY 
DEFICIT 

Climatic 
Water Deficit 
(mm/yr) 

950 – 1,000 

450 - 500 
500 - 550 
550 - 600 
600 - 650 
650 - 700 
700 - 750 
750 - 800 
800 - 850 
850 - 900 
900 - 950 



 





Take home message 
• Climate is changing 

• It’s about warming and variability 

• Spatial scale matters 
• Modeling approaches can address processes 

at multiple scales for resource managers 

• Sonoma County impacts 
• Increase in extreme events 
• Increased demand for irrigation 
• Shorter wet season, longer dry season 

• Recharge resilience depends on 
• Ability to store groundwater during wet periods 
• Enhancement of recharge 
• Awareness of areas that produce recharge 

and store recharge 



 



 



 



 



 



 



 



Thank you! 

• lflint@usgs.gov 
 
• lmicheli@pepperwood

preserve.org 
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