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Overview



• Streamflow forecasts provide 
information regarding the quantity 
and timing of flow through a river 
system
– Important for water users: agriculture, 

municipal, industrial, and recreation

– Input to operations and planning models 
that project reservoir operations

• Skillful second year forecast would 
be valuable to stakeholders

Motivation



Research Objectives

1. Create a testbed framework and establish a protocol for 
testing the performance of streamflow forecasts and modelled 
operational projections in the Colorado River Basin (CRB). 

2. Assess the current uncertainty and error of streamflow 
forecasts and operational projections made by the Mid-term 
Probabilistic Operations Model (MTOM).

3. Evaluate experimental streamflow forecasting methods, and 
subsequently modelled operations in the testbed.



Mid-term Probabilistic Operations Model

• Risk-based operational planning 
and analysis

• Models operations of 12 
reservoirs in the basin

• Monthly rule-driven operations 
of the 2007 Interim Guidelines 

• Forecast - Upper Basin 
– Ensemble Streamflow Prediction 

(ESP) produced by the CBRFC 
for 12 locations 

– 30 traces of monthly streamflow 
from hydrology model forced 
with T&P data from the period of 
record



Hydrology Metrics Operational Projection Metrics

Analysis Scripts
– Median ensemble trace error
– Ensemble skill

Analysis Scripts
– Reservoir elevations
– Operating tiers

Streamflow 
Forecasts
– Observations
– ESP 
– Most Probable
– Experimental

CRB Testbed Framework

MTOM



Hydrology Metrics Operational Projection Metrics

Analysis Scripts
– Lake Powell annual unregulated 

inflow

Analysis Scripts
– EOCY Lakes Powell & Mead PE
– Contingency tables for 

operational projections

MTOM

Design of Testbed Simulations

Streamflow 
Forecasts

– Beginning each month 
for 1981-2016

– Duration 2-3 years 
– 432 simulations per 

forecast ensemble



read from csv files

Testbed Structure – RiverSMART
Model and Rules

Multiple Run Manager  
Run multiple traces

Forecasts 
- Historical Streamflow
- ESP

Run Range

Model Outputs



Hydrology Metrics –
Annual Lake Powell Unreg. Inflow – CRPSS   
Streamflow Forecast: ESP (1981-2016)

Forecast = Climatology
(1981-2010)

Eg. Jan 2014 Fcst of 2015
Eg. May 2015 Fcst
of 2015



Operational Projection Metrics –
RMSE of Lake Powell EOCY Pool Elevation
Streamflow Forecast: ESP vs. Observed (1981-2016)



Operational Projection Metrics –
RMSE of Lake Mead EOCY Pool Elevation
Streamflow Forecast: ESP vs. Observed (1981-2016)



Operational Projection Metrics –
Pool Elevation Evolution – Observed Streamflow (2008-2016)

Mead

Powell



Conclusions

• Streamflow Forecast:
– ESP exhibits 2nd year skill starting in the Fall (~15 month lead), 

and further increased skill by April (9 month lead)

• Operational Projections:
– ESP produces large range of possible pool elevations in Powell 

and Mead at longer lead times
• Error decreases significantly by June (7 month lead) 

• A RiverSMART testbed run with hindcasts is a 
useful strategy for evaluating streamflow forecasts 
and operational projections



QUESTIONS?



EXTRA SLIDES IF NEEDED
Colorado River Basin Forecast Testbed



Operating Tiers

Coordinated operations for Lake Powell and Lake Mead (U.S. Bureau of Reclamation, 2007).



Review of Past Hydrologies
Year Wet/Normal/Dry

(2.8-7.3 / 7.3-12.4 / 12.4-21.1 MAF)

2001 Dry – 6.7 MAF
2002 Dry – 2.8 MAF
2003 Dry – 6.2 MAF
2004 Dry – 6.4 MAF
2005 Wet – 12.8 MAF
2006 Normal – 9.6 MAF
2007 Normal – 7.6 MAF
2008 Normal – 11.9 MAF
2009 Normal – 10.1 MAF
2010 Normal – 8.8 MAF
2011 Wet – 16.2 MAF
2012 Dry – 4.2 MAF
2013 Dry – 5.8 MAF
2014 Normal – 10.6 MAF
2015 Normal – 9.8 MAF
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