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Background 

• Future Colorado River system conditions were simulated using the Colorado 

River Simulation System (CRSS) and the Mid-term Operations Probabilistic 

Model (MTOM). 

– Both CRSS and MTOM are comprehensive models of the Colorado River Basin. 

– CRSS is the primary long-term planning tool for studying river operations and 

projected development. 

– MTOM is a risk-based planning tool for mid-term operations (within the 1 to 2 year 

planning window). 

• CRSS and MTOM are implemented in the commercial river modeling software 

called RiverWareTM developed by the University of Colorado.  

• CRSS and MTOM are updated and maintained continually by Reclamation’s 

Upper and Lower Colorado Regions. 

• Probabilistic model projections are updated at least two times annually (January 

and August).  

• Due to uncertainties associated with future inflows into the system, multiple 

simulations are performed in both models to quantify the uncertainties in future 

conditions, and the results are expressed in probabilistic terms, e.g. “percent of 

futures”. 
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Key April 2016 Modeling Assumptions1  
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MTOM CRSS 

Primary Use 
Risk-based operational planning and 

analysis during mid-term time period 

Long-term planning studies, operational 

criteria development, and risk analysis 

Simulation Start Date April 2016 January 2017 

Reservoir Initial 

Conditions 

Based on observed March 31, 2016 

reservoir elevations 

Based on 30 simulations of December 31, 

2016 conditions using MTOM 

Lake Powell and  

Lake Mead 

Operations 

Operations are consistent with the 2007 Record of Decision on Colorado River Interim 

Guidelines for Lower Basin Shortages and the Coordinated Operations of Lake Powell 

and Lake Mead (2007 Interim Guidelines) (see Figure 2) 

Upper Basin Inflows 

Ensemble of 30 unregulated inflow 

forecasts dated April 5, 2016, based on 

observed temperature and precipitation 

from 1981-2010, provided by Colorado 

Basin River Forecast Center (CBRFC) 

Resampled observed natural flows  (1906-

2012) (see Figure 1), creating 107 future 

hydrologic sequences using the “Indexed 

Sequential Method” for each of the 30 initial 

conditions 

Lower Basin Inflows 
30 possibilities based on the 30-year 

(1981-2010) historical record  

107 possibilities based on the 107-year 

(1906-2012) historical record for each of 

the 30 initial conditions 

Upper Basin Water 

Demand 

Estimated and incorporated in the 

unregulated inflow forecasts provided by 

the CBRFC 

Developed in coordination with the Upper 

Colorado River Commission 

Lower Basin Water 

Demand 
Developed in coordination with the Lower Basin States and Mexico 

1 See slide 4 for definitions of hydrologic terms such as  

natural flow and unregulated inflow. 



Definitions of Hydrologic Terms 

• Time horizon 

– Water Year: October 1 through 

September 30 

– Calendar Year: January 1 through 

December 31 

• Flow “type” 

– Gaged: observed 

– Unregulated: gaged flow corrected for 

effects of upstream reservoirs 

– Natural: gaged flow corrected for 

effects of upstream reservoirs and 

depletions. Natural flow represents 

the flow that would have occurred at 

the location had depletions and 

reservoir regulation not been present 

upstream of that location. 
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Figure 1 

Natural Flow 

Colorado River at Lees Ferry Gaging Station, Arizona 
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Figure 2 

Lake Powell & Lake Mead Operational Diagrams  

from the 2007 Interim Guidelines 
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Percent of Traces with Event or System Condition  
Results from April 2016 MTOM/CRSS1,2,3 (values in percent) 

Event or System Condition 2017 2018 2019 2020 2021 

Upper 

Basin 

– 

Lake 

Powell 
 

Equalization Tier 5 18 20 24 28 

     Equalization – annual release > 8.23 maf 5 18 20 24 26 

     Equalization – annual release = 8.23 maf 0 0 0 <1 2 

Upper Elevation Balancing Tier 89 53 54 52 45 

     Upper Elevation Balancing – annual release > 8.23 maf 77 47 44 41 35 

     Upper Elevation Balancing – annual release = 8.23 maf 12 5 10 10 10 

     Upper Elevation Balancing – annual release < 8.23 maf <1 1 1 1 <1 

Mid-Elevation Release Tier  7 29 19 14 15 

     Mid-Elevation Release – annual release = 8.23 maf 0 0 <1 1 2 

     Mid-Elevation Release – annual release = 7.48 maf 7 29 20 13 14 

Lower Elevation Balancing Tier 0 <1 6 9 11 

Lower 

Basin 

– 

Lake 

Mead 

Shortage Condition – any amount  (Mead ≤ 1,075 ft) 10 56 64 64 61 

     Shortage – 1st level (Mead ≤ 1,075 and ≥ 1,050) 10 56 46 40 33 

     Shortage – 2nd level (Mead < 1,050 and ≥ 1,025) 0 <1 18 18 18 

     Shortage – 3rd level (Mead < 1,025) 0 0 <1 6 10 

Surplus Condition – any amount  (Mead ≥ 1,145 ft) 0 <1 4 8 12 

     Surplus – Flood Control 0 0 0 1 2 

Normal or ICS Surplus Condition 90 44 32 28 27 

1 Reservoir initial conditions based on results from 30 simulations of December 31, 2016 conditions using the Mid-term Probabilistic Operations Model. 
2 Each of the 30 initial conditions were coupled with 107 hydrologic inflow sequences based on resampling of the observed natural flow record from 

1906-2012 for a total of 3,210 traces analyzed. 
3 Percentages shown may not be representative of the full range of future  

possibilities that could occur with different modeling assumptions. 7 
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For additional information and questions, 

please contact us via email at:  
ColoradoRiverModeling@usbr.gov  

9 


