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American River Basin Study

ARBS Study Objectives
• Further refine the assessment of water supplies and demands for the 

American River Basin 

• Address regional supply-demand imbalance and infrastructure 
deficiencies under the existing and future climate change conditions.

• Improve coordination of local and Federal water management.

• Align water management tools, strategies, and planning efforts of 
Reclamation and water agencies in the basin.

• Identify water management strategies and actions which remain functional 
across multiple future potential climate and socioeconomic conditions to 
2100 AD.

Presenter
Presentation Notes
Purpose of GLOBAL projections – best available information regarding projected future climate conditions.

Source of GLOBAL projections – CMIP5 multi-model dataset.

Dataset is currently best available source of global climate projections. 

Dataset includes hundreds of individual climate projections. Each individual projection is based on a unique combination of the following: 
GCM (i.e., the global climate model used to generate the projection)
Emissions scenario (i.e., evolution of greenhouse gasses and other atmospheric constituents over time)
Initial conditions (i.e., initial state of model at start of simulation)

Main limitations of GCMs are spatial resolution and model bias:
Spatial resolution typically on the order of 1 deg latitude x 1 deg longitude (i.e., each grid cell is roughly 69 miles [lat] x 55 miles [lon] over mid-latitudes)
Models have inherent biases that are primarily due to spatial resolution (can’t resolve some physical processes, e.g., convection and condensation/precipitation) and corresponding need to parameterize fine-scale processes (i.e., simplified approximation of physical processes that can’t be resolved at model grid scale)

These limitations mean that downscaling and bias correction are typically required to use GCMs for local and regional analyses and planning. 




Global Climate Projections

Coupled Model 
Intercomparison 
Project – Phase 5 
(CMIP5) 
Multi-Model Dataset
• 61 Global Climate 

Models

• 4 long-term emissions 
scenarios

• Completed in 2012, 
used for IPCC Fifth 
Assessment Report

• Best available 
projections of future 
climate conditions.
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Purpose of GLOBAL projections – best available information regarding projected future climate conditions.

Source of GLOBAL projections – CMIP5 multi-model dataset.

Dataset is currently best available source of global climate projections. 

Dataset includes hundreds of individual climate projections. Each individual projection is based on a unique combination of the following: 
GCM (i.e., the global climate model used to generate the projection)
Emissions scenario (i.e., evolution of greenhouse gasses and other atmospheric constituents over time)
Initial conditions (i.e., initial state of model at start of simulation)

Main limitations of GCMs are spatial resolution and model bias:
Spatial resolution typically on the order of 1 deg latitude x 1 deg longitude (i.e., each grid cell is roughly 69 miles [lat] x 55 miles [lon] over mid-latitudes)
Models have inherent biases that are primarily due to spatial resolution (can’t resolve some physical processes, e.g., convection and condensation/precipitation) and corresponding need to parameterize fine-scale processes (i.e., simplified approximation of physical processes that can’t be resolved at model grid scale)

These limitations mean that downscaling and bias correction are typically required to use GCMs for local and regional analyses and planning. 




LOCA Multi-Model Dataset
• 32 Global Climate Models

• 2 long-term emissions 
scenarios

• Developed at Scripps, 
publicly available through 
web-portal

• Recommended by DWR and 
CWC for long-term planning 
in California

Downscaled Climate Projections

Spatial Downscaling

Typical GCM LOCA

(~1.5° x ~1.5°) (1/16° x 1/16°)

Presenter
Presentation Notes
Purpose of DOWNSCALED climate projections – refine spatial resolution and remove biases from GCM projections so that projections are applicable for local/regional impact analyses and planning studies.

Source of DOWNSCALED climate projections – LOCA multi-model datset.

LOCA stands for Localized Constructed Analogs. 

LOCA is a statistical method for spatially downscaling GCM projections to higher spatial resolution. 

LOCA also includes bias correction to remove GCM biases stemming primarily from their coarse spatial resolution, which requires parameterization (i.e., simplified representation) of finer-scale physical processes such as convection, condensation, and precipitation. 

FIGURE – SPATIAL DOWNSCALING
Figure shows topograph (elevation) as “seen” by a typical GCM at ~1.5 deg x 1.5 deg resolution and as “seen” by LOCA at 1/16th deg x 1/16th deg resolution. The GCM does not resolve key features that affect climate and hydrology in California – e.g., the topographic differences between the Coastal Range, Central Valley, and Sierra Nevada.



Representative Concentration Pathways (RCP) Emsission Scenarios
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Presentation Notes
RCP 4.5 and 8.5 used in LOCA downscaling scenarios



Development of Climate Scenarios for ARBS

Ensemble-Informed Hybrid-Delta Climate Scenarios

Ensemble of 64 GCM Projections Projection Selection for 5 Scenarios

W-W H-W

H-DW-D

CT
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Presentation Notes
Summary of Scenario Methodology

Step 1 – Select projections for each scenario based on projected changes in annual mean precipitation and temperature over ARB (see right-hand figure)

Step 2 – Develop CDFs of precipitation and temperature from selected GCMs – one CDF for selected historical period, one for selected future period
** CDFs are computed at each GRID CELL on a MONTHLY basis … i.e., Step 2 is carried out for each month of the year (12x) at each grid cell in the study domain.
** CDFs are computed based on monthly values from all GCMs selected for a given scenario ... i.e., GCM data are pooled to create CDFs 

Step 3 – Map difference between historical and future CDFs onto CDF of historical observations … 
** Precipitation changes are mapped as a ratio change … i.e., observed values are multiplied by the ratio of GCM future / GCM historical
** Temperature changes are mapped as an additive change … i.e., the difference between GCM future and GCM historical is added to observed values
** Mapping is done at each GRID CELL on a MONTHLY basis … i.e., Step 3 is carried out for each month of the year (12x) at each grid cell in the study domain.

FIGURE – SELECTION OF INDIVIDUAL PROJECTIONS USED IN EACH SCENARIO
Plots on the left are annual basin-averaged precipitation (upper panel) and temperature (lower panel) for the American River Basin
Plot on the right shows the difference in basin-averaged annual mean precipitation (percent difference, y-axis) vs. change in basin-averaged annual mean temperature (change in deg Celsius, x-axis) for each of the 64 LOCA downscaled climate projections. 
     ** Each point represents projected changes in T and P for one LOCA downscaled projection.
     ** Changes are calculated between periods 1980-2009 (historical period) and 2070-2099 (future period for this example figure)
     ** The color of each point and the shaded polygons indicate GCMs selected for a given scenario … e.g., green points and green polygon are GCMs selected for the Central Tendency scenario. 
     ** Gray points were not used in any of the scenarios. 




Hydrology Scenarios
• Climate scenarios used to force 

VIC Hydrology Model

Hydrology Scenarios & CalSim Scenario Inputs

CalSim Scenario Inputs
• Simulated runoff and potential ET 

used to re-scale CalSim3 inputs to 
reflect climate scenarios



CalSim III
American River Operations 

Module 



CalSim III Updates

Complete representation of operations in the American River Basin
CalSim III Domain CalSim III Model Schematic



CalSim III Updates

Complete representation of operations in the American River Basin

Project 184

Folsom
Reservoir

Upper American River
Project

Middle Fork Project

American River Basin Representation in CalSim III



CalSim III Model Calibration

EID - Project 184

Upper American 
River Project

Middle Fork Project



CLIMATE CHANGE
PROJECTIONS



ARBS Projection of Temperature Increases by Elevation



Supply: ARBS Projected Changes in Unimpaired Flow

Climate Scenarios



Demands: Increase in irrigation



Changes in Timing of Runoff

Earlier runoff would increase the chance of spills from Folsom reservoir 
during flood season.

Earlier runoff would reduce water supply available during summer and fall for 
M&I, ecosystem, hydropower, irrigation, recreation, etc. 



Elevation > 5,000 feet

Under historical 
conditions, 
runoff occurs in 
late spring at 
elevations 
above 3,000 
feet, peaking 
around May. 

Elevation 3,000 to 5,000 feet

Elevation < 3,000 feet

Changes in Timing of Snowmelt

Under future conditions, 
runoff is expected earlier at 
elevations above 3,000 feet, 
with peak snowmelt 30-60 
days earlier.



ADAPTATIONS



We Can Adapt

Preparing for present-day droughts and preparing for a 
warming climate involve the same adaptations. 

1. Improve Operational Flexibility
• Increase upstream storage
• Modified carryover storage targets and timing
• Develop groundwater bank
• Expand conjunctive use programs
• Relocate diversions to less sensitive locations
• Implement forecast based flood operations

2. Diversify Water Supplies
• Increase regional water reuse
• Implement stormwater capture



We Can Adapt (Continued)

3. Improve Demand Management
• Increase water use efficiency

4. Improve Resource Stewardship
• Improve Headwaters and Forest Health
• Improve Lower American River Ecosystem

5. Secure Institutional Agreements to Enable Flexibility
• Resolve water supply contracts
• Develop water marketing supporting tools and 

management framework



QUESTIONS?
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