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OUTLINE

 Flood Risk Assessment
 Synthetic Hydrographs
 Synthetic Stage

 Key Components of Stage/Regulated Flow 
Frequency Curves

 Willamette Stage Frequency Curve 
Analysis – Key Lessons Learned

 Moving Forward:  Columbia River Basin 
Hydrology Studies
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COLUMBIA RIVER BASIN
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 260,000 square miles and extending throughout the 
Pacific Northwest and into Canada.

 There are more than 250 reservoirs and around 150 
hydroelectric projects in the basin, including 18 
mainstem dams on the Columbia and its main tributary, 
the Snake River. 

Basin-wide Average Runoff Signal



USACE MISSION:  FLOOD RISK
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Statistical Analyses 
Requires Regional 

Analyses and 
Stochastic Analysis 

Requires Hydrologic 
and/or Reservoir 

Operations 
Modeling

Synthetic 
Hydrographs and 

Stage with 
Associated 

Probabilities Require 
Statistical and 

Stochastic Analyses

Flood Risk 
Assessment Requires 

Synthetic 
Hydrographs and 

Stage with 
Associated 

Probabilities



Some Factors that Affect the Peak Flow and Elevation 
for Any Given Event
 Temperature
 Precipitation intensity
 Spatial/temporal distribution of precipitation
 Antecedent snowpack
 Antecedent elevations
 Operations
 Baseflow
 Soil infiltration capacity
 Rainfall-runoff transformation (unit hydrograph)

STAGE/REGULATED FLOW FREQUENCY CURVE (RESERVOIR OR RIVER 
CHANNEL)
(STAGE/REGULATED FLOW, UNCERTAINTY VS PROBABILITY)
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Vol Freq Curve 
Sampling
•Can Include Precip 
Freq Converted to 
Vol, Paleohydro, 
Historical Floods

Hydrograph Shape 
Sampling
•Temporal/Spatial 
Variability

Starting 
Elevation/Forecast/
Other ResOps
Uncertainty 
Sampling

Reservoir Operations 
Modeling

Stage/Reg Flow 
Frequency

Precip Freq 
Curve Sampling

Hyetographs 
Shapes Sampling
•Temporal/Spatial 
Variability

•Temperature

Hydrologic 
Modeling
•Hydrologic 
Parameter 
Sampling

Starting 
Elevation/Forecast/
Other ResOps
Uncertainty 
Sampling

Reservoir Operations 
Modeling

Stage/Reg Flow 
Frequency

KEY COMPONENTS OF STAGE FREQUENCY CURVES
WILLAMETTE BASIN STAGE FREQUENCY CURVES
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Optimal Hydrologic Studies for 
Risk Estimation Includes  
Regional Corroboration and a 
Solid Foundation:

 Regionally Homogenous/Fine 
Resolution 
Spatial/Temporal/Temperature 
Data

 Regional Hydrologic Models

 Regional Precipitation 
Frequency

 Regional Volume Frequency 
Curve Analysis

WILLAMETTE DAM SAFETY STUDY:  LESSONS LEARNED



COLUMBIA RIVER BASIN (CRB) HYDROLOGIC STUDIES
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 Cohesive, regionally approved, accessible 
hydrologic (observed and synthetic) and 
meteorologic datasets

 Publish flow and stage frequency study results 
for quick access, citation, and comparison

 Leverage flood risk study data to inform real-time 
flood risk management

 Update hydrology from original design
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Key Points:
 Durations 1-day through 60-day; flooding season only

 This report utilized Bayesian statistical methods, which have been 
used for numerous flood-frequency studies, to develop and analyze 
regional models based on hydrologically significant basin 
characteristics. 

 Using incremental steps of mean annual precipitation while developing 
skew models, it was found that 40 inches of annual precipitation 
seemed to be a natural breakpoint for the relationships between basins 
and their skew coefficients. As such, a regression model was fitted to 
precipitation with a sigmoidal function used to smoothly transition the 
boundary of 40 inches of precipitation a year.

CRB DURATION FLOW FREQUENCY CURVES
REGIONAL SKEW ANALYSIS
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Key Points:
 Durations 1-day through 60-day
 Warm season & cool season for precipitation; cool season for SWE
 Pointwise and areal-based exceedance probabilities of precipitation 

and SWE using a spatial max-stable process model and observed 
pointwise maxima data. 

 Each max-stable modeling analysis leverages extreme value 
theorem (EVT), at-site estimates of extreme PREC/SWE, 
physiographic and climatological covariate data, and recent 
advances in model calibration. 

 No areal reduction factors required

CRB DURATION PRECIPITATION AND SNOW WATER EQUIVALENT (SWE) 
FREQUENCY CURVES REGIONAL ANALYSIS

Point-wise 100-year return level maps 
for SWE (top) and precipitation (right)
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Key Points:
 Dynamical downscaling of reanalysis datasets to 

reconstruct high resolution historical meteorologic 
data (1929-2017) (4km x 3 hr)
 Used for  calibration and continuous simulation of 

hydrologic models 
 Calibration and validating of WRF model using 

historical events (PRISM; Corroborating with 
Regional WRF models)

 Maximization of the integrated vapor transport jet 
 stream and lateral boundary shifting for maximization 

of storms over a given region for PMP and synthetic 
events (publication pending). 

CRB NUMERICAL ATMOSPHERIC MODEL (WEATHER RESEARCH AND 
FORECAST (WRF)) FOR: 
 HISTORIC DATA RECONSTRUCTION
 PMP
 SYNTHETIC STORMS
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Key Points:
 Columbia River Basin (260,000 square miles) broken out into 13 

models by tributary
 Coarse-level Calibration to four key water years in terms of variability 

in meteorology and water management challenges
 Models reflect both rainflood and snowmelt (dominant) seasons
 Models being used for both real-time and planning/dam safety efforts
 Regionally-approved

CRB BASIN-WIDE CALIBRATED HYDROLOGIC MODELS
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CRB HYDROLOGY STUDIES:  THE END GAME
 Cohesive, regionally approved, accessible hydrologic (observed and synthetic) and meteorologic datasets

 Publish flow and stage frequency study results for quick access, citation, and comparison
 Leverage flood risk study data to inform real-time flood risk management

 Update hydrology from original design

https://rsgis-testdev.crrel.usace.army.mil/crb/v2/

https://rsgis-testdev.crrel.usace.army.mil/crb/v2/
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