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Colorado River Water 

Map courtesy of http://www.gcdamp.gov/aboutamp/crb.html   



Natural Flow at Lee Ferry, AZ 
(millions acre-feet) 

13.2 MAF currently used
16.5 MAF allocated in Compact

 1975-2005 Average Flow 14.8 MAF
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Current Climate Trends 
Observed April 1 snow 
water equivalents, 1950-1997 

and many more… 

March Average Min 
Temp on Days with 
Precipitation 
(1949-2004) 

Trends in Snow 
vs. Rain in 
Winter 
(1949-2004) 





Past Studies 

Table from Colorado Water Conservation Board (CWCB)  report “ Colorado Climate Change: A Synthesis to Support Water Resource Management and 
Adaptation.”  Oct 2008 (available online at: http://cwcb.state.co.us/NR/rdonlyres/8118BBDB-4E54-4189-A354-3885EEF778A8/0/CCSection5.pdf)  



Regional Integrated Sciences & Assessments 

Goal:  
Research that addresses complex 
climate sensitive  
issues of concern to decision- 
makers and policy planners  
at a regional level. 

Collaborators:  
Brad Udall, Robert Webb (WWA)  
Dan Cayan, Tapash Das (CAP) 
Jonathan Overpeck, Holly Hartman (CLIMAS) 
Dennis Lettenmaier, Julie Vano (CIG) 
Martin Hoerling, Kevin Werner (NOAA)  
Levi Brekke (Reclamation)


More info at: http://www.climate.noaa.gov/cpo_pa/risa 



1)   Reconcile discrepancies in projected Colorado River flow 
changes.  


2)   Assess the basins sensitive in runoff to changes in 
temperature, in precipitation, or in both. 


5)   Identify the underlying mechanisms for these sensitivities 
(e.g. soil moisture, ET). 


6)   Provide meaningful information for water managers and 
policymakers that incorporate uncertainties in future 
climate change projections. 


Project Objectives 



Downscaling & probabili0es at CCCC 

Reanalysis: Jan 1 1950

surface humidity


Dynamical:

CARD10 by 

Kanamitsu & Kei


Statistical:

Constructed analogs

by Hidalgo et al


Resampling 
by Dettinger 
et al




Land surface hydrologic models




•  Applied uniform 
perturbations in temperature 
and/or precipitation at every 
timestep in historic record 

•  Temp increases: streamflow 
decreases annually, primarily 
because decreases flow in 
spring/summer 

•  Where are these changes 
occurring?  Specific land-
surface characteristics? 
Thresholds?  

Delta method climate forcings 

1 ºC Base


3ºC 2 ºC 
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Preliminary precip elasticities 

Station Key:  
GA: Gunnison River near Grand Junction 
CI: Colorado River near Cisco  
GR: Green River at Green River 
LI: Snake River near Lilly, CO 
LE or LF: Colorado River at Lees Ferry 
IM: Colorado River below Imperial Dam
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Colorado River Flows highly Sensitive to Warming  

Greatest sensitivities appear in zones 
of snow and snow-rain  transition.    

Overall sensitivity approx 6% decline 
in flow per 1°C warming 

Station Key:  
GA: Gunnison River near Grand Junction 
CI: Colorado River near Cisco  
GR: Green River at Green River 
LI: Snake River near Lilly, CO 
LE or LF: Colorado River at Lees Ferry 
IM: Colorado River below Imperial Dam
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Temperatures sensitivities for 
Colorado River Flow at Lees Ferry


VIC Tmax and Tmin 
 
  
  -5.9%

VIC Tmax 
 
 
 
-10.8%

2-Layer Model 
 
   
  -9.0%


Sensitivity between 
models is dependant on 
how PET is calculated:   

Penman-Monteith 
versus Thornthwaite 

How temperature 
applied (Tmax vs Tmax&min) 
changes radiation 
budget          



Sensitivity to Spatial Scale: 4km vs 128km runoff simulation 

hydrologic scales
 climate model scales




 Topography and hydrologic structure is crucial: resolving snow 
vs. rain and other processes in the Colorado River Basin is 
crucial.   In general,  runoff sensitivities calculated directly from 
GCMs overestimate flow decline due to inflated temperature 
sensitivity and precipitation elasticity


 Change in precipitation in the basin by 2050 is still uncertain, 
based on the spread of CMIP3 projections


 CMIP3 projections suggest an increase in temperature across the 
basin of at least 2° C


 From results so far,  we think that we may be able to narrow the 
projected future Colorado River Flow from a range of +18% to 
-45% to a likely range of -10% to -20%


 Communication Matters: Hydrologist, Climatologists and Water 
Managers speak in different dialects and with  different 
terminology




Consensus Forecasts of Temperature and Precipitation Changes from IPCC AR4 GCMs 

Intergovernmental Panel on 
Climate Change (IPCC) 2007 

What are tends for 
Colorado River basin? 

AND, how does this 
relate to streamflow? 



•  Further resolve sensitivity to warming and areas 
producing the most runoff, and their role in 
modulating regional scale sensitivities 

•  Compare results across models:  Are sensitivities and 
 precipitation characteristics similar between  
 models? 

•  Investigate changes in Colorado flow and other  
 measures from an ensemble of climate change? 

•  Explore further how improved understandings of 
 land-surface interactions and model uncertainty 
 can aid decision-making 





 The good news is that our work has been able to narrow the 
projected future Colorado River Flow from a range of +18% to 
-45% to a likely range of -10% to -20%


 Less good news is that a recent study (Rajagopalan et al, 2009) 
reveals a significant increase in the risk of reservoir drying with a 
20% rather than a 10% projected decrease in Colorado River 
Flow 




CMIP3 Runoff at 2050 calculated directly and using 
estimated sensitivity (10%) & elasticity (2%)
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PRISM
Naturalized flow

Maurer et al.
Wood and Lettemaier




Variable Infiltration 
Capacity (VIC)

Noah LSM

Sacramento (SAC)

Catchment LSM

Community Land 
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Natural Flow at Lee Ferry, AZ

Natural Flow at Lee Ferry Stream Gage
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Flow measurements 
for the Colorado 
River Basin Compact 

Figure adapted from Christensen and Lettenmaier, 2007   



Temperature Sensitivity 

Photo courtesy of xxx 

Preliminary results suggest most sensitive areas along marginal snow zone. 
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Cumulative Runoff as a function of 
Elevation  


GCM

75% of runoff is 
generated from about 
25% of the area 



Precipitation Elasticity for Colorado 
River Flows at Lees Ferry


VIC 
 
 
 
2.4%

2-Layer Model 
 
2.0%




Thank you 

Reconciling Colorado Flow Projections http://
wwa.colorado.edu/current_projects/CO_River/rcn_strmflw_corvr.html 

Julie Vano 
jvano@u.washington.edu


Questions??  Ideas?? 



1)   Why are there such large discrepancies in projected 
Colorado River flow changes?   

2)   How sensitive is runoff to changes in temperature, 
changes in precipitation, or changes in both temperature 
and precipitation?  

5)   What are the underlying mechanisms for these changes 
(e.g. soil moisture, ET)? In the context of hydrologic 
sensitivities to (global) climate change, does the land 
surface hydrology matter, or does it just passively 
respond to changes in atmospheric circulation? 

4)  What are meaningful measures for water managers and 
policymakers that incorporate uncertainties in future 
climate change projections?   

Research Objectives 



•  Temperature sensitivities decrease with increasing 
 temperature, although overall magnitude is larger 

•  Magnitude of precipitation elasticities become more 
 negative with a 10% decline in precip 

•  Sensitivities appear to be at marginal snow zone 
•  Trends most notable at sub-basin level, spatial  

 patterns matters 
•  Preliminary results, more coming soon… 



xxx 

Preliminary precip elasticities 
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Reconciling Projections of 
Colorado River Stream Flow Over 
the Next Century




Spatial Patterns of Sensitivity by Sub-basin


Green River by Greendale is most sensitive, Snake River undergoes 
largest change in sensitivities (from historic to 3 deg C) 

Station Key:  
GA: Gunnison River near Grand Junction 
CI: Colorado River near Cisco  
GR: Green River at Green River 
LI: Snake River near Lilly, CO 
LE or LF: Colorado River at Lees Ferry 
IM: Colorado River below Imperial Dam
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