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Horse Mesa Dam and Apache Lake on the Salt River



• What generates the streamflow?

• Long term impacts from drought

• Streamflow sensitivity to warming

• Lake Mead + Lake Powell vs Central AZ Reservoirs 
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Upper Colorado River Basin vs Central AZ



Upper Basin vs Central AZ

Central AZ is:

1. Lower latitude (hotter)

2. Lower elevation (hotter)

3. Closer to the Pacific 
(higher frequency of 
warm atmospheric 
river events)



What generates the Streamflow?
Central AZ streamflow:

1. Occurs mostly in 
winter/early spring

2. Generated by winter 
rainfall, winter snowmelt, 
and early spring 
snowmelt

Upper Colorado streamflow:

1. Occurs late spring/early 
summer

2. Generated by snowmelt
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Central AZ Streamflow Generation Example: Winter Rainfall 2019

Day 1 Day 2 Day 3

Day 4 Day 5 Day 6



Accumulating Effects of Drought on the Colorado

• Lower efficiencies 
since late-1990s 
suggests that low 
precipitation reduces 
efficiency.

• Salt-Verde has had 
years with relatively 
high efficiency during 
the drought (e.g., 2005, 
2008, 2010, 2023)



• On the Colorado, low 
efficiency years tend 
to follow low 
efficiency years, (i.e., 
lasting effects of 
drought)

• Colorado River more 
sensitive to warming

Accumulating Effects of Drought on the Colorado



The peak energy 
available for evaporative 
loss occurs 3 months 
after peak streamflow on 
the Salt-Verde (Robles et 
al. 2020).

 

This is not the case for 
the Colorado River, partly 
contributing to a 5 times 
greater streamflow 
sensitivity to warming on 
the Colorado than the 
Salt-Verde (BOR 2020). 

Central AZ Streamflow Less Sensitive to Warming



A Deeper Dive into the Lower Sensitivity to Warming

Cederstrom, C., E. Vivoni, G. Mascaro, and B. Svoma (2024), Forest Treatment Effects on Snow Cover, Evapotranspiration, and Streamflow Responses in Arizona under Warming 
Conditions, in review at WRR.

• What happens when the temperature increases?  No change to precipitation.

• Simulate Beaver Creek streamflow 
with an advanced hydrologic model



Change in Beaver Creek Water Budget +1oC

Cederstrom, C., E. Vivoni, G. Mascaro, and B. Svoma (2024), Forest Treatment Effects on Snow Cover, 
Evapotranspiration, and Streamflow Responses in Arizona under Warming Conditions, in review at WRR.

• Streamflow increases with 
1oC warming.
• Snow sublimation (Sg+Sc) 

change overcomes 
Evapotranspiration (ET) 
change up to ~2oC 
warming

• Exceptions are dry years 
when ET change 
overcomes Sg+Sc change

• Increased variability due to 
warming alone



Storage During Extreme Long-term Drought

Colorado River Central AZ (Salt-Verde Rivers)



Summary
• Colorado River is snow dominated and therefore more 

sensitive to warming than Central AZ rivers

• Large storage decrease on Lake Mead and Lake Powell 
during long-term severe drought

 Storage increase in Central AZ reservoirs

• More variable streamflow with warming highlights the 
importance of storage in reservoirs in the future.
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Both Regions in Severe Long-Term Drought

https://droughtmonitor.unl.edu/DmData/TimeSeries.aspx

Upper Colorado

Arizona


